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Argument Map in DNA Strand ssarv2
from the ’/v/lib/émers‘file.
Translation shown at open reading frames.

Y O " 11_1s 1t ! 11

! e } e es e ¢ ¢ - -—-— - - —— 0 A § - v A - o=

mboll 1 mboll-~1 bglil narl xmnl ostl
binl aval-2 sacl sacl binl
bin} scal aflll mboll 1
ecors hindlll
S I SO DRV & DEVUE SV SN SIS SRR DUV S SIS P
hindlll ahalll pstl bstXl ahalll apal
mboll-1 ava3 ahalll hindl1l avr2
mboll-1 sphl mboll-1
mboll-1
pvull
pstl

pvull
tthilil-2
l l I 11 Iy 1 1! | | !!!__

W t el w S EmEmEme { ] e e S oan S as T e e P e de D -

mboll-2 mboll-1 mboll-l scal ava3d tthllil-2
mboll-1 bstXl ahalll ecors
mboll-1 tthilll-2 bstXl
bglll ball binl
mboll-1
owenan ) ener | cnan e 6 Enah s $ oen e Ee | e e e B oA SR e P Y Ry Ty rl —-l—--!-
bstxl mboll-1 ahalll kpnl mboll-1
inl pvull hpal mboll-1
tthilil-2 ahalll avas
____‘_-_I_l —_——— l l l ! _!__!!_! l USRI SV SUUNUNUIIUIUNTN DU S
kpnl mboll 1 bstXl mboll-1 aflll hindlll
scal Dvgvé3 xmnl scal ahalll mboll-1

bal
xbal binl

FIG. 4A
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. S LI .-} L JUURG § DG JUORS RS § D

- - - - ———— s I mmmew bww ) mmmn ) m-- -

ndel avr2 avr2 mboll-1 ecorl avr2 mboll-l
scal binl aflll mboll-1 mboll-1
avr2 xbal sacl
ncol miul hindlll
mstll
Y DU VU DU DI BN SIS U SDUNRR § P SN
scal ndel binl mboll-1 stul mboll-1
mboll-1 ahalll  scal mboll-1
bglll
pvull
S R e e - L R D
mboll-1 mbol1-2 mstll
mstll mboll-1 binl
avr2
mboll-1
| SRR 1 § DU  DINRINY IS UG JUN ORI G R JU J P
mboll-1 aval-2 pstl  mboll-l1 aval-1  ahalll
mboll-1 tthill1-2 mboil-1
mboll-1 xhol mstil binl
mboll-1 mboll-1
bglll kpnl
mbolli-2

S SV § it}

ecors aval-2 pvull
mboll-1 bglll
scal sacl
binl aflll

hindl1l

FIG. 4B
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1 CTGGAAGGGCTAATTTGGTCCCAAAGAAGACAAGAGATCCTTGATCTGTGGATCTACCACAC
GACCTTCCCGATTAAACCAGGGTTTCTTCTGTTCTCTAGGAACTAGACACCTAGATGGTETG

26 mboll, 50 binl,

63 ACAAGGCTACTTCCCTGATTGGCAGAATTACACACCAGGGCCAGGGATCAGATATCCACT
TGTTCCGATGAAGGGACTAACCGTCTTAATGTGTGGTCCCGGTCCCTAGTCTATAGGTGA

107 binl, 113 ecors,

123 GACCTTTEGATGGTGCTTCAAGCTAGTACCAGTTGAGCCAGAGAAGGTAGAAGAGGCCAA
CTGGAAACCTACCACGAAGTTCGATCATGGTCAACTCGGTCTCTTCCATCTTCTCCGETT

172 mbol1,

183 TGAAGGAGAGAACAACAGCTTGTTACA
ACTTCCTCTCTTGTTGTCGAACAATET

cC

66

243 GAAAGAAGTGTTAGTGTGGAGGTTTGACA
CTTTCTTCACAATCACACCTCCAAACTGT

296 aval,

303 GCTGCATCCGGAGTACTACAAAGACTGCTGACATCGAGCTTTCTACAAGGGAC
CGACGTAGECCTCATGATGTTTCTGACGACTGTAGCTCGAARGATGTTCLLTG

314 scal,

363 TGGGGACTTTCCAGGGAGGCGTGGCCTAEGCECEACTEEEGAGTGGCGTCCCTCAGAT
ACCCCTGAAA CCTCCGCACCGGACCCGCCCTGACCCCTCACCGCAGGBAGTCT

CCA G

6GTC AC

423 TGCATATAAGCAGACTGCTTTTTGCCTGTACTGGRTCTCTCTGETTAGACCAGATCTGA
ACGTATATTCGTCTGACGAAAAACGGACATGACCCAGAGAGACCAATCTGGTCTAGACT

474 bglll,

483 CCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGLTT
GGACCCTCOAGAGACCGATTGATCCCTTGGGTGACGAA

488 sacl, 518 aflll, 532 hindlll,

543 GAGTGCTTCAAGTAGTGTGTGCCCRTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCA
CTCACGAAGTTCATCACACACGGGCAGACAACACACTGAGACCATTGATCTCTAGBGAGT

603 GACCCTTTTAGTCAGTGTGGAAAAATCTCTAGCAGTGGCGCCCGAACAGGGACGCGAAAG
CTGGGAAAATCAGTCACACCTTTTTAGAGATCGTCACCECGGOCTTGTCCCTGLECTTTC

639 narl,

663 CGAAAGTAGAACCAG
GCTTTCAT%%TGGTC

680 sacl,

723 CAAGAGGCGAGGGGCGGCOACTGETGAGTACGCCAATTTTTGACTAGCGGAGGCTAGAAG
6TTCTCCGCTCCCCGCCOCTGACCACTCATGCGGTTAARAACTGATCGCCTCCGATCTTC
16} G

AA
MetGlyAlaArgAlaServalleuSerGlyGlyGluLeuAspLysTrp luGAG
783 GAGAGAGAGATGGG GCGAGAGCGTCGGTATTAAGCGGEGGXGAATTAGA?AXATGGG;%

CTATGAGCCTGCATGGGATGEAGGACGCGGA
GATACTCGGACGTACCCTACCTCCTGCGCCT

GCAAACTAGCATTTCATCACATGGCCCGAGA
CGTTTGATCGTAAAGTAGTGTACCGGGCTCT

TTTCCGC
AAAGGCG

¢
6
G
C

GCCTC
CGGAG

AAGCCTCAATAAAGCTTGCCTT
TTCGGAGTTATTTCGAACGGAA

AGGAGCTCTCTCGACGCAGGACTCGGCTTGCTGAAGCGCGCACAG
TCCTCGAGAGAGCTGCGTCCTGAGCCEGAACGACTTCGLGCGTETC

~

TAG

CTCTCTCTCTACCCACGCTCTCGCAGCCATAATTCGCCCCCTCTTAATCTATTTACCET

FIG. 4C
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TyrLysLeutysHisIlevalTrpAla
T AT AT oA TEReC
T CCCET
lyCys
G% EC
CGACG

G
TATATTCAATTTTGTATATC
G

2
T
A
et O TAGARACAT Rl
AGGACCGGACAATCTTTGTAGTCTTC

Ly Lys
843 AA AXA
T 7
n

17
AT
TA
U

903 A6 T

A

~

—AX=tn

rLeuGinThrGlySer6lu
gCTTg%GACAGGATCAGAA

A I
963 AGACAAA A
T TAGGGAAGTCTGTCCTAGTCTT

1002 binl, 1008 mboll,
LeuTyrAsnThrValAlaThrLeuTerySValHlsGlnArgl
1023 TTATATAATACAGTAGCAACCCTCTATTGTGTACATCAAAGGA
AATATATTATGTCATCGTTGGGAGATAACACATGTAGTTTCCY

EgluAlaLeusluLysIlesluﬁluG}uGInAsnLvsi
C

leAs?ValLysAspThr
TAGATGTAAAAGACACC
ATCTACATTTTCTGTG6
Lst sLysAlaGinGln
AAGAAAAAGGCACAGCAA
TTCTTITTCCRYGTCGTT

1083 AAGCTTTAGAGAAGATAGAGGAAGAGCARAACAAA

CITCGAAATCTCTTCTATCTCLTTCTCRTTTTIGITTT
1087 hindlll, 1097 mboll, 1107 mboll, p5

AlaAlaAlaAlaAlaGlyThrGlyAsnSerSer6GlnvalSer6inAsnTyrProlleval
1143 GCAGCAGCTGCAGCTGGCACAGGAAACAGCAGCCAGGTCAGCCAAAATTACCCTATAGTG
CGTchchchchCCBTGTCCTTTGTCGTCGGTCCkGTCGGTTTTAATGGGhTATCAC

1147 pvull, 1150 pstl, 1153 pvull, 1156 tthllll,
GlnAsnLeuGlnGlyGlnMetVaIHisGlnAlaI1eSerProArgThrLeuAsnAlaTrD
1203 CAGAACCTACAGGGGCAAATGGTACATCAGGCCATATCACCTAGAACTTTAAATGCATGG
GTCTTGGATGTCCCCGTTTACCATGTAGTCCGGTATAGTGGATCTTG&AATTIACGTACC
1250 ahalll. 1255 ava3,
VallysValValGluGlulysAlaPheSerProGluvallleProMetPheSerAlaLeu
1263 GTAAAAGTAGTAGAAGAAAAGGCTTTCAGCCCAGAAGTAATACCCATGTTTTCAGCATTA
CATTTTCATCATQITCTTTTCCGAAAGTCGGBTCTTCATTATGGGTACAAAAGTCGT T

1275 mboll,

¢
er
9]
CA

=5

SerGiuGlyAlaThrProGlinAs LeuAsnThrMetLeuAsnThrValGIEGlxﬂisGIn
1323 TCAGAAGGAGCCACCCCACAAGATYTAAACACCATGCTAAACACAGTGGGGGGACATCAA
AGTCTTCCTCGGTGGGGTGTTCTQAATTTGTGGTACGATTTGTGTCACCCCCCTGTAGTT
1346 ahalll,
AlaAlaMetGlnMetLeulysGluThrileAsnGluGluAlaAlaGluTrpAs ArgVal
1383 GCAGCCATGCAAATGTTARAAGAGACTATCAATGAGGAAGCTGCAGAATGGGATAGAGTG
CGTCGGTACGTTTACAATTTTCTCTGATAGTTACTCCTTCQACGTCTTAECCTATCTCAC
1423 pstl,
HisProValHisAlaGlyProlleAlaProGlyGinMetAr GluProArgGlySerAsD
1443 CATCCAGTGCATGCAGGGCCTATTGCACCAGGCCAAATGAG%GAACCAAG GGAAGTGAC
GTAGGTCAEGTACGTCCCGGATAACGTGGTCCGGTTTACTCTCTTGGTTCCCCTTCACTB

1451 sphl,
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MetTyrS
ATGTATAG

CT

s6luPr gASD

AGGAACCCTTTAGAGAT

TACATATC CCITG6 TCTA

TyrvalAspArgPheTyrLysThrieuArgAlaGluGlnAlaSerGinAspvallysAsn
TATGTAGACCGGTTCTATAAAACTCTAAGAGCCGAACAAGCTTCACAGGATGTARAAAAT
ATACATCTGGCCAAGATATTTTGAGATTCTCGGCTTGITCGAAGTGTCCTACATTTTTTA

1720 hind111,

TrpMetThrGluThrLeuleuvValGlinAsnAlaAsnProAspCy
TGGATGACAGAAACCTTGTTGGTCCAAAATGCAAACCCAGATTG
ACCTACTGTCTTTGGAACAACCAGGTTTTACGTTTGOGTCTAAC

1796 ahalll,
AlaLeuGlyProAlaAlaThrLeuGluGluMetMetThrAlaCysGinGly
GCATTGGGACCAGCAGCTACACTAGAAGAAATGATGACAGCATGTCAGGGA
CGTAAccCTGGTCGTCGATGTGATQTTCTTTACTACTGTCGT CAGTCCCT
1827 mboll,

ProGlyHisLysAlaArgVAltLeuAlaGluAlaMetSerGlnVAlThrAsnProAlaAsn

CCCGGCCATAAAGCAAGAGTTTTGGCTGAAGCCATGAGCCAAGTAACAAATCCAGCTAAC

GGGCCOGTATTTCGTTCTCAAAACCGACTTCGGTACTCGGTTCATTGTTTAGGTCGATTG
pi8

1leMetMetGInArgGlyA
ATAATGATGCAGAGAGGCAATTTTAG
TATTACTACGTCTCTCCOGTTAAAATCC

A
T
GlyLysGluGlyHisIleAlaLysAsn%
A

sLysThrilelLeulys
TAAGACTATTTTAAAA
ATTCTGATRAAATTTT

snPheArgA heAsnCys
TCAATTGT

GTTAACA

ArgLysThrValLy
AGAAAGACTGTTAA
TCTTTCTGACAATT
Al Ly
6C A
€6

aProArglys
CCCTAGGAAAA
GQGATCCTTTTT

GGCAAAGAAGGGCACATAGCCAAARAT
CCOTTTCTTCCCGTGTATCGGTTTTTA

2014 apal, 2019 avr2,

CysGlyAr GluGlyHlsGlnMetLysASDCysThrﬁluArﬁ
TGTGGAAGGGAAGGACACCAAATGAAAGATTGCACTGAGAG
ACACCTTCCCTTCCTRTGGTTTACTTTCTAACGTGACTCT
2102 mboll,
LysileTrpProSerTyrLlysGlyArgProGlyAsnPheleubinSerArgProGluPro
AAGATCTGGCCTTCCTACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCA
TTCTAGACCGGAAGGATGTTCCCTTCCGGTCCCTTAAAAGAAGTCTCGTCTGETCTCGGT

2104 bglll, 2141 mboll,

FIG. 4E

snGln
ACCAA
TGGTT
ysArg
GCAG

ceTgc
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ThrAlaProProGluGluSerPheArgPheGlyGluGluLysThrThrProSerGlnLy

2163 ACAGCCCCACCAGAAGAGAGCTTCAGGTTTGGBOAGGAGAAAACAACTCCCTCTCAGAA

TGTCGGGGTGGTETTCTCTCGAAGTCCAAACCCCTCCTCTTTTGTTGAGGGAGAGTCTT
2175 mboll,

6InGluProlleAspLysGluLeuTyrProLeuThrSerLeuArgSerieuPheGlyAsn
2223 CAGGAGCCGATAGACAAGGAACTGTATCCTTTAACTTCCCTCAGATCACTCTTTGGCAAC
G6TCCTCGBCTATCTGTTCCTTGACATAGGAAATTGAAGGGAGTCTAGTGAGAAACCGTTE

AspProSerSerGIn0C
2283 GAgCCCTCGTCACAATAAGGATAGGGGGGCAACTAAAGGAAGCTCTATTAGATACAGGA
CTGGGGAGCAGTGTTATTCCTATCCCCCCOTTGATTTCCTTCGAGATAATCTATGTCCT |

[l

MetAsnLeuProGlyLysTrpLysProtysMet]le
2342 %CAGA TACAGTATTAGAAGAAATGAATTTGCCAGGAAAATGGAAACCAAAAATEATA
GTCTAC TGTCATAATQTTCTTTACTTAA CQGTCCTTTTACCTTTGGTTTTTACTAT

2360 mboll, 2375 bstXl,
6l GlylleGIyGl¥PhelleLysva

2402 GGGGGAATTGGAGGTTTT
CCCCCTTAACCTCCAAAATAGTTTCA

4 TX spGini
TACG A CAGA
ATGCTAGTCT

1A leProval
GTAA TACCTGTA
T ATGGACAT
ProThrProvalAsnllell
CCTACACCTGTCAACATA T

Gl
C GA
6 cT
sAlalleGlyThrvalleuvalG [
2462 GGACATA AGCTATAGG ACAGTATTAGTAG A
CCTGTATTTCGATATCCATGTCATAATCATCCTOGATGTGGACAGTTGTATTAACCTTC

2517 mboll,

AsnLeuleuThrGinlleGlyCysThrieuAsnPheProlleSerProlleGluThrVal
2522 AATCTGTTGACTCAGATTGGTTGTACTTTAAATTTCCCCATTAGTCCTATTGAAACTGTA
TTAGACAACTGAGTCTAACCAACATGAAATTTAAAGGGGTAATCAGGATAACTTTGACAT

T :
] i
A :
T :
2548 ahalll, 2577 tthilil, i

!

IleC
Eeae RATCTET
CTGTC TTAGACA
alGl eGlyAr
T GX TGGAAGg
A ACCTTCT

ProvaltyslLeulysProGlyMetAspGlyProLysvallysGinTrpProLeuThrGlu
2582 CCAGTAAAATTAAAGCCAGGAATGGATGGUCCAAAAGTTAAGCAATGGCCATTGACAGAA
GGTCATTTTAATTTCGGTCCTTACCTACCGGGTTTTCAATTCGTTACCGGTAACTGTCTT

2627 ball, 2639 mboll,

GluLysIleL sAlaLeuvalGl
2642 GAAAAAATAA XAGCATTAG G%

sThrGluMetGluLysGluGégAstleSer
CTTTTTTATTTTCGTAATCATC

¢

TéTACAGAAATGGAAAAGGAAG AATTTCA
ACATGTCTTTACCTTTTCCTTCCCTTTTAAAGT
T

Lyslle
2702 AAAATTG
TTITTAAC

2759 sca

ulle
GATA
CTAT
ProGluAsnProTyrAsn hrProValPheAlalleLstysL sAspSer
CCTGAAAATCcATACAATACTCCAGTATTTGCTATAA GAAAAAAGACAGT
GGACTTTTAGGTATGTTATGAGGTCATAAACGATATTTCTTTTTTCTGICA

o
OIQ I

C
1,
LysTrpA
GA
?
L
T

Thr euValAspPheArgGluLeuAsnLysArgThrGinAspPhelr
2762 ACTAXA 7 X VL

TrpArglysLeuVa p
TGGAG AAACTAGTAGATTTCAG%GAACTTAATAAAAGgACTCAAGACTTC 166
TGATTTACCTCTTTTGATCATCTAAAGTCTCTTGAATTATTTTCTTOAGTTCTGAAGACC
GluvalGlinLeuG
2822 GAAGTTCAG
CTTCAAGTC

eProHisProGinGly0C
ACCACACCCGCAGGGTTAAAAAAAGAAAAAATCAGTAACA
TGGTGTGGECETCCCAATTTTTTICTTTITITAGTCATTGT

FIG. 4F

A
euGlyll
TAGGAAT
AATCCTTA
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2882 TTGGATGTGGGTGATGCATACTTTTCAGTTCCCTTAGATAAAGACTTTAGAAAGTATACTG
AACCTACACCCACTACGTATGAARAGTCAAGGGAATCTATTTCTGAARTCTTTCATATGAC

2895 ava3,

MetArgHisGlnGlyLeuAs?lleSerThrMethB'POL
I GTATAAACAATGAG EACCAEE%%ITAE%A¢TCAGTACAATGTGG

2943 CATTTACCATACCTA
TCATATTTGTTACTCTGTGET AGTCATGTTACACC

c
6TAAATGGTATGG
2985 ecor5,

LeuProGinGlyTrpLysGlySerProAlallePheGinSerSerMetThrLysileleu
3003 CTGCCACAGGGATGGAAAGGATCACCAGCAATATTCCARAGTAGCATGACAAAAATCTTA
GACGETGTCCCTACCTTTCCTAGTGGTCGTTATAAGGTTTCATCGTACTETTTTTAGAAT

3003 tthl1l1, 3006 bstXI, 3021 binl,

GIuProPheArgLysGlnAsnProAsp[leVallleTerlnTeretAsDAsgLeuT r
3063 GAGCCTTTTAGAAAACAGAATCCAGACATAGTTATCTATCAATACATGGATGATTTGTAT
CTCGGAAAATCTTTTGTCTTAGRTCTGTATCAATAGATAGTTATGTACCTACTARACATA

ValGlySerAspteuGlulleGlyGlnHisArgThrLyslleGluGluLeuArgGlnHis
3123 GTAGGATCTGACTTAGAAATAGGGCAGCATAGAACAAAAATAGAGGAACTGAGACAGCAT
CATCCTAGACTGAATCTTTATCCCGTCOTATCTTETTTITATCTCCTTGACTCTOTCOTA
3126 binl, 3171 tthllll,
LeuLeuArgTrpGlyPheThrThrProAspLysLysHis61nlysGluProProPheleu
3183 CTGTTGAGGTGGGGATTTACCACACCAGACAARAAACATCAGAAAGAACCTCCATTCCTT
GACAACTCCACCCCTAAATGGTGTGRTCTGTTTTTTGTAGTCTTTCTTGGAGGTAAGGAA

3234 bstXl,

TroMetGlyTyrGluLeulisProAsplysTrpThrvalGlnProl leMetLeuProGlu
3243 TGGATGGGTTATGAACTCCATCCTGATAAATGGACAGTACAGCCTATAATGCTGCCAGAA
ACCTACCCAATACTTGAGGTAGGACTATTTACCTGTCATGTCGGATATTACGACGGTCTT
LstspSerTrpThrValAsnAsplleGlansLeuValGlyLysLeuAsnTrpAlaSer
3303 AAAGACAGCTGGACTGTCAATGACATACAGAAGTTAGTGGGAAARATTGAATTGGGCAAGT
TTTCTGTCGACCTGACAGTTACTGTATGTCTTCAATCACCCTTTTAACTTAACCCGTTCA
3308 pvull,
GinlleTvrAlaGlyllelysvallysGinLeuCystysieuLeuArgGlyThriysila
3363 CAGATTTATGCAGGGATTA AGTAAAGCAGTTATGTAXACTCCTTAG%GG ACCAxAG A
GTCTAAATACGTCCCTAATTTCATTTCGTCAATACATTTGAGGAATCTCCTTGGTTTCGT
LeuThrGluvallleProleuThrGluGluAlaGluLeuGluleurlaGluAsnArgGlu
3423 CTAACAGAAGTAATACCACTAACAGAAGAAGCAGAGCTAGAACTGGCAGAAAACAGRGAG
GATTGTCTTCATTATGGTGATTGTQTTCTTCGTCTCGATCTTGACCGTCTTTTGTCCCTC

3447 mboll,

IleLeuLysGluProVaIHlsGluValTerxrAspPrOSerL sAspleuvalAlaGlu
3483 ATTCTAAAAGAACCAGTACATGAAGTATATTATGACCCATCAAAAGACTTAGTAGCAGAA
TAAGATTTTCTTGGTCATGTACTTCATATAATACTGGGTAGTTTTCTGAATCATCGTCTT
11eGInLysGInGlyGInGlyGInTrpThrTyr6ini leTyrGinGluProPhelysAsn
3543 ATACAGAAGCAGGGGCAAGGCCAATGGACAT TCAAATTTXTCAAGAGCCATTTAXAAAT
TATGTCTTCGTCCCCGTTCCGGTTAcCTGTATAGTTTAAATAGTTCTCGGTQAATTTTTA

3594 ahalll,

FIG. 4G
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LeuLxsThrGlyLysTyrAlaArgnetAr GlyAlaHisThrAsnA

3603 CTGAAAACAGGAAAGTATGCAAGGATGAGGGGTGCCCACACTAATG

GACTTTTGTCCTTTCATACGTTCCTACTCCCCACGGGTGTGATTAC
3659 hpal,

ThrGluAlaValGlnLysValSerThrGluSerIleValIleTrpGlxlysI%%P oLxs
3663 ACAGAGGCAGTGCAAAAAGTATCCACAGAAAGCATAGTAATATGGCGAAAGATTCCTAAA
TGTCTCCGTCACGTTTTTCATAGGTGTCTTTCGTATCATTATACCCCTTTCTAAGGATTT
GinA
CAAG
G

s?ValLysGlnLeu
ATGTAAAACAGTTA
TACATTTTGTQAAT

r

A
PheLysLeuProIleGlansGluThrTrpGluA1aTroTrDMetGluTerrD InAla
3723 TTTAAACTACCCATACAAAAGGAAACATOGGAAGCATGGTGGATGGAGTATTGGCAAGCT
QAATTTGATGGGTATGTTTTCCTTTGTACCCTTCGTACCACCTACCTCATAACC TTCGA

3723 ahalll,

ThrTrpl leProGluTrpGluPhevalAsnThrProProLeuVallysLeuTrpTyrGln
3783 ACCTGOATTCCTGAGTGGGAGTTTGTCAATACCCCTCCCTTAGTGAAATTATGGTACCAG
TGGACCTAAGGACTCACCCTCAAACAGTTATGGGGAGGGAATCACTTTAATACCATGGTC
3835 kpnl,
LeuGluLysGluProlleValGlyA]aGluThrPheTeralAng]xAlaAlaAsnArg
3843 TTAGAGAAAGAACCCATAGTAGGAGCAGAAACTTTCTATGTAGATGGGGCAGCTAATAG
AATCTCTTTCTTGGGTATCATCCTCGTCTTTGAAAGATACATCTACCCCGTCGATTATCC
GluThrLysLeuGlyLysAlaGlyTyrvalThrAspArgGlyArg6inlysvalvalSer
3903 GAGACTAAATTAGGAAAAGCAGGATATGTTACTGACAGAGGAAGACAAAAAGTTGTCTCC
CTCTGATTTAATCCTTTTCGTCCTATACAATGACTGTCTCQTTCTGTTTTTCAACAGAGG
3943 mboll,
1leAlaAspThrThrAsnGlnLysThrGluLeuGinAlalleHisLeuAlaLeuGlnAsp
3963 ATAGCTGACACAACAAATCAGAAGACTGAATTACAAGCAATTCATCTAGCTTTGCAGGAT
TATCGACTGTGTTGTTTAGTQTTCTGACTTAATGTTCGTTAAGTAGATCGAAACGTCCTA

3983 mboll,

SerGlylLeuGluvalAsnllevalThrAspSerGinTyrAlaLeuGlyllelleGlnAla
4023 TCGGGATTAGAAGTAAACATAGTAACAGACTCACAATATGCATTAGGAATCATTCAAGCA
AGCCCTAATCTTCATTTGTATCATTGTCTGAGTGTTAIACGTAATCCTTAGTAAGTTCGT

4060 ava3,

GinProAspLysSerGiuSerGliuLeuvalSerGinllelleGluGinteulleLyslys

4083 CAACCAGATAAGAGTGAATCAGAGTTAGTCAGTCAAATAATAGAG&AGTTAATAAAAAAG
GTTGGTCTATTCTCACTTAGTCTCAATCAGTCAGTTTATTATCTCGTCAATTATTITITC
GluLysValTereuAlaTroValProAlaHisLstlylleGlyGlyAsnGluGanal

4143 GAAAAGGTCTACCTGGCATGGGTACCAGCACACAAAGGAATTGGAGGAAATGAACAAGTA
CTTTTCCAGATGGACCGTACECATGGTCGTGTGTTTCCTTAACCTCCTTTACTTGTTCAT
4163 kpnl,
AspLyslLeuvalSerAlaGlylieArglysValleuPheLeuAsnGly!leAsplysAla

4203 GATAAATTAGTCAGTGCTGGXATCAG AXAGTACTATT%TTGAATG%XATAGA?AXGGCC
CTATTTAATCAGTCACGACCTTAGTCCTTICATGATAAAAACTTACCTTATCTATTCCGG
4232 scal,

FIG. 4H
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GInGluGlulisGluLysTyrHisSerAsnTrpArgAlaMetAlaSerAspPheAsnieu

4263 CAAGAAGAA CATGAGAAATATCACAGTAATTGGAGAGCAATGGCTAGTGA TTTAACCTG
GTTCTTCTTGTACTCTTTATAGTGTCATTAACCTCTCGTTACCGATCACTAAAATTGGAC
4266 mboll,

ProProvalValAlalysGlullevalAlaSerCysAspLysCysGlnLeulysGlyGlu
4323 CCACCTGTAGTAGCAAARGAAATAGTAGCCAGCTGTGATAAATGTCAGCTAAAAGGAGAA
GGTGGACATCATCGTTTTCTTTATCATCGGTCGACACTATTTACAGTCGATTTTCCTCTT

4352 pvull,

AlaMetHis6lyGlnvalAspCysSerProGlylleTroGlnteuAspCysThriisteu
43283 GCCATGCATGGACAAGTAGACTGTAGTCCAGGAATATGGCAACTAGATTGTACACATCTA
CGGIACGTACCTGTTCATCTGACATCAQGTCCTTATACCGTTGATCTAACATGTGT&GAT

4386 ava3, 4410 bstXI, 4439 xbal.

GluGlyLyslleIleLeuVaIAlaValHlsValAlaSerGlexrlleGluA
4uy3 GAAGGAARAATTATCCTOOTAGCAGTTCATGTAGCCAGTGGATATATAGAAG
CTTCCTTTTTAATAGGACCATCGTCAAGTACATCGGTCACCTATATATCTTC

4497 xmnl,

GV
—t >0
IO
o Y St
—A>C
ﬁg<

11eProAlaGluThrGlyGlnGluThralaTyrPheleuteulysLeuAlaGlyArgTrp
4503 ATTCCAGCAGAGACAGGGCAGGAAAC AG%ATATTTTCTCTT AAATTAGCAGGAAG?TGG
TAAGGTCGTCTCTGTCCCGTCCTTTRTCGTATAAAAGAGAATTTTAATCETCCTTCTACC
4555 mholl, 4560 ball,
ProvallLysThrlleHisThrAspAsnGlySerAsnPheThrSerThrThrvallysAla
4563 CCAGTAAAAACAATACATACAGACAATGGCAGCAATTTCACCAGTACTACGGTTAAGGCC
GGTCATTTTTGTTATGTATGTCTGTTACCGTCGTTAAAGTGGICATGATGCCAATTCCGG
4605 scal,
laCysTrDTrDAlaGlyIleLyselnﬁluPheGlyIleProTyrAsnProGlnSerGln
4623 GcCTGTTGGTGGGCAGGGATCAAGCAGG ATTTGGCATTCCCTACAATCCCCAAAGTCAA
CGGACAACCACCCGTCQCTAGTTCGTCCTTAAACCGTAAGGGATGTTAGGGGTTTCAGTT
4639 binl,
GlyvalvalGluSerMetAsnAsnGluLeuLystysllielleGlyGinValArgAspGin
4683 GGAGTAGTAGAATCTATGAATAATGAATTAAAGAAAATTATAGGACAGGTAAGAGATCAG
CCTCATCATCTTAGATACTTATTACTTAATTTICTTTTAATATCCTGTCCATTCTCTAGTC
AIaGluHisLeuLxsThrAlaValelnMetAlaValPhelIeHisAsnPheLstrgLys
4743 GCTGAACACCTTAAGACAGCAGTACAAATGGCAGTATTCATCCACAATTTTAAAAGAAAA
CGACTTGTGQAATTCTGTCGTCATGTTTACCGTCATAAGTAGGTGTTAQAATTTTCTTTT

4752 alfll, 4791 ahalll,

1ylleGlyGlyTyrSerAla
4803 GGEGGGATTGG%G XTXCAGTG CA
CCCCCTAACCCCCTATGTCACGT

AAC
GlnThriysGluleuGlnlys
4863 CAAACTAAAGAACTA AAXG
GTTTGATTTCTTGATGTTTIC

GIuArgIleVal spllelleA éaT
GAAAGAATAGTAGACATAATAGCAA
CTTTCTTATCATCTGTATTATCGTT
ThrLysIleGl AsnPheArg vValT
ACAAAAATTCAAAATTTTCGCEKTT

]
TAATGTTTTTAAGTTTTAAAAGC

FIG. 4]
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AspAsnLysAspProLeuTrplLysGlyProAlaLysLeuleuTrplysGly6luGlyAla
4923 GACAACAXAGA CCCCTTTGEAXAGG CCAGCAAAGCTTCTCTGEAXAGG GAAGGGGCA
CTGTTGTTTCTAGGGGAAACCTTTCcTGGTCGTITCGAAGAGACCTTTCCACTTCCCCGT

4956 hindlll,
valValI]eGlnAsoAsnSerAsplleLysVaIValProAr%Ar LysAlalLysllelle
4983 GTAGTAATACAAGATARTAGTGACATAAAAGTAGTGCCAAGAAGRAAAGCAAARATCATT
CATCATTATGTTCTATTATCACTGTATTTTCATCACGGTTQTTCTTTTCGTTTTTAGTAA

5023 mboll,
MetGluAsnArﬁTrDGanalMetlleValTrDGanalAspArgMetAriIle
ArgAspTyrGlyLysGln etAlaGl¥As AspC sValAlaSerArgGln SpoIUASD
5043 AGGGATTATGGAAAACAGATGGCAGGTGATGATTGTGTGGCAAGTAGACAGEGATGAGGAT
TCCCTAATACCTTTTGTCTACCGTCCACTACTAACACACCGTTCATCTGTCCTACTCLTA
ﬁrgTreTrpLysSerLeuValLysHisHisMetTyrIleSerLysLysAlaLysGlyTrD

5103 TAGAACATGGAAAAGTTTAGTAAAACACCATATGTATATTTCAAAGAAAGCTAAAGGATGG
ATCTTGTACCTTTTCAAATCATTTTGTGGTATACATATAAAGTTTCTTTCGATTTCCTACC

5131 ndel,
PheTyrArgHisHisTyrGluSerThrHisProArgValSerSerGluValHisIle
5163 TTTTATAGACATCACTATGAAAGTACTCATCCAAGAGTAAGTTCAGAAGTACACATC
AAAATATCTGTAGTGATACTTICATGAGTAGGTTCTCATTCAAGTCTTCATGTGTAG

5185 scal,

ProLeuGlyAspAlatysleuvallleThrThrTyrTrpGlyleuHisThrGlyGluAr
5221 CCCCTAGGGGATGCTAAATTGRTAATAACAACATATTGGGGTCTGCATACAGGAGAAAG
GGQGATCCCCTACGATTTAACCATTATTGTTGTATAACCCCAGACGTATGTCCTCTTTCT
5223 avr2,
GluTrpHisLeuGlyGlnGlyValAlalleGIuTrDArgLysLysLysTererThrGln
5281 GAATGGCATTTGGGCCAGGGAGTCGCCATAGAATGGAGGAAAAAGAAATATAGCACACAA
CTTACCGTAAACCCGGTCCCTCAGCGGTATCTTACCTCCTTTTTCTTTATATCOTGTGTT
ValAspProGlyleuAlaAspGlnLeulleHistLeuRisT rPheAsngsPheSerGlu
5341 GTAGACCCTGGUCTAGCAGACCAACTAATTCATCTGCATTATTTIGATTGTTTITTCAGAA
CATCTGGEACCGGATCOTCTOOTTGATTAAGTAGACGTAATARAACTAACAAAAAGTCTT
SerAlalletysAsnAlalleleuGlyTyrArgValSerProAr CysGluTyrGAnAla
5401 TCTGCTATAAAAAATGCCATATTAGGATATAGAGTTAGTCCTAGGTGTGAATATCAAGCA
AGACGATATTTTTTACGGTATAATCCTATATCTCAATCAQGATCCACACTTATAGTTCGT
5440 avr2,
GlyHisAsnlLysvalGlySerLeuGinTyrLeuAlaleuAlaAlaleul leThrProLys
5461 GGACATAACAAGGTAGGATCTCTACAATACTTGGCACTAGLAGCATTAATAACACCAAAA
ECTGTATTGTTCCATQCTAGAGATGTTATGAACCGTGATCGTCGTAATTATTGTGGTTTT
5476 binl,

LysanLysProProLéuProSerValLysLysLeuThreluAspAr TrpAsnlysPro
5521 AAGACAAAGCCACCTTTGCCTAGTGTTAAGAAACTOACAGAGGATAGATGGAACAAGCCC
TTCTGTTTCGGTGGAAACGGATCACAATTCTTTGACTGTCTCCTATCTACCTTGTTCGGG6

FIG. 4J
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GlnLysThriysGlyHisArgGlySerHisThrMetAsnGlyHiSAM i
5581 CAGAAGACCAAGGGCCACAGAGGGAGCCATACAATGAATGGACACTAGAGCTTTTAGAGG |
GTETTCTGGTTCCCGGTGTCTCCCTCGGTATGTTACTTACCTGTGATCTCGAAAATCIQ;L_:
5583 mboll,
5641 AGCTTAAGAGAGAAGCTGTTAGACATTTTCCTAGGCCATGGCTCCATAGCTTAGGACAAT
TCQAATTCTCTCTTCGACAATCTGTAAAAQGATCCQGTACCGAGGTATCGAATCCTGTTA

5643 aflll, 5670 avr2, 5676 ncol,

5701 ATATCTATGAAACTTATGGGGATACTTGBACAGGAGTGGAAGCCATAATAAGAATTCTGC
TATAGATACTTTGAATACCCCTATGAACCCGTCCTCACCTTCGGTATTATTCTTAAGACG

5752 ecorl,

5761 AACAACTGCTGTTTATTCATTTCAGAATTGGGTGTCAACATAGCAGAATAGGCATTATTC
TTGTTGACGACAAATAAGTAAAGTCTTAACCCACAGTTGTATCGTCTTATCCGTAATAAG

GTA

CA

5821 AACAGAGGAGAGCAAGAAGAAATGRAGCCAGTAGATCCTAATCTAGAGCCCTGGAAGCAT
TTETCTCCTCTCOTTCTTCTTTACCTCGGTCATCTAGGATTAGATCTCGGEACCTTCOTA

5836 mboll, 5862 xbal,

5881 CCAGGAAGTCAGCCTAGGACTGCTTGTAACAATTGCTATTGTAAAAAGTGTTGCTTTCAT
GGTCCTTCAGTCGGATCCTGACGAACATTGTTAACGATAACATTTTTCACAACGAAAGTA

5893 avr2,

5941 TGCTACGCGTGTTTCACAAGARAAGGCTTAGGCATCTCCTATGGCAG
ACGATGCGCACAAAGTGTTCTTTTCCGAATCCGTAGAGGATACCGTC

5945 mlul, 5988 mboll,

6001 CAGCGACGAAGAGCTCCTCAGGACAGTCAGACTCATCAAGCTTCTCTATCAAAGCAGTAA
GTCGCTELTTCTCEAGGAGTCCTGTCAGTCTGAGTAGT TCGAAGAGATAGTTTCGTCATT

6008 mboll, 6011 sacl, 6016 mstil, 6038 hindlll,

6061 GTAGTAAATGTAATGCAATCTTTACAAATATTAGCAATAGTATCATTAGTAGTAGTAGCA
CATCATTTACATTACGTTAGAAATGTTTATAATCOTTATCATAGTAATCATCATCATCGT

6121 ATAATAGCAATAGTTGTGTGGACCATAGTACTCATAGAATATAGGAAAATATTAAGACAA
TATTATCGTTATCAACACACCTGGTATCATGAGTATCTTATATCCTTTTATAATTCTGTT

6147 scal,

GAAGAAGCGBAGA
CTTCTTCGCCTCT

Metlys|
6181 AGAAAATAGACAGATTAATTGATAGAATAAGAGAAAAAGCAGAAGACAGTGGCAATGAXA ENY
TCTTTTATCTGTCTAATTAACTATCTTATTCTCTTTTTCGTCTTCTGTCACCOTTACTTT

6222 mboll,

ValLysGlyThrArgAr AsnTyrGlnHisLeuTrDArgTrpGI%ThrLeuLeuLeuGly
6241 GTGAAGGGGACCAGGAGGAATTATCAGCACTTGTGGAGATGGGGCACCTTIGCTCCTTOGG
CACTTCCCCTGRTCCTCCTTAATAGTCGTGAACACCTCTACCCCOTGGAACGAGRAACCE
MetlLeuMetIleCysSerAlaThrGluLysLeuTrpvalThrvalTyriyr6lyvalPro
6301 ATGTTGATGATCT TAGTGCTACAGAAAXATTGTGEGTCACAGTTTXTTATGGXGTACCT
TACAACTACTAGACATCACGATGTCTTTTTAACACCCAGTGTCAAATAATACCTCATGGA

FIG. 4K
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ValTrpLysGluAlaThrThrThrieuPheC sAlaSerAs?AlaAr AlaTyrAspThr
6361 GTGTGGAAAGAAGCAACTACCACTCTATTTTGTGCATCAGATGCTAGAGCATATGATACA
CAcACCTTTCTTCGTTGATGGTGAGATAAAACACGTAGTCTACGATCTCQTATACTATGT
6410 ndel,
GluvalHisAsnValTrpAlaThriisAlaCysYalProThrAspProAsnProGinGlu
6421 GAGGTACATAATGTTTGGGCCACACATGCCTGTGTACCCACAGACCCCAACCCACAAGAA
CTCCATGTATTACAAACCCGGTGTGTACGOACACATGGGTOTCTGGGGTTGGGTGTTCTT
vaivalleuGlyAsnVal ThrGluAsnPheAsnMetTrpLysAsnAsnMetvalGluGln
6481 GTAGTATTGGGAAATGTGACAGAAAATTTTAACATGTGGARAAATAACATGGTAGAACAG
CATCATAACCCTTTACACTGYCTTTTAAAATTGTACACCTTTTTATIGTACCATCTTGTC
MetGinGluAspllelleSerLeuTrpAspGinSerLeulysProCysvallysLeuThr
6541 ATGCAGGAGGATATAATCAGTTTATGGGATCAAAGCCTAAAGCCATGTGTAAAATTAACC
TACGTCCTCCTATATTAGTCAAATACCCTAGTTTCGGATTTCGGTACACATTTTAATTGE

"~

6567 binl,

ProLeuCysValThrLeuAsnCysThrAspLeuGlyLysAlaThrAsnThrAsnSersS
6601 CCACTCTGTGTTACTTTAAATTGCACTGATTTGGGGAAGGCTACTAATACCAATAGTA
GGTGAGACACAATGAAATTTAACGTGACTAAACCCCTTCCGATGATTATGETTATCAT

6615 ahalli,

er
GT
CA

AsnTrDLysﬁluGluIleLstlyGluIleLysAanySSerPheAsnIleThrThrSer

6661 AATTGGAAAGAAGAAATAAAAGGAGAAATAAARAACTGCTCTTTCAATATCACCACAAGC

TTAACCTTTETTCTTTATTTTCCTCTTTATTTTTTGACGAGAAAGTTATAGTGGTGTT
6670 mboll,

[leArgAspLysIleGinLysGluAsnAlaleuPheArgAsnieuAspyalValProlle
6721 ATAAGAGATAAGATTCAGAAAGAAAATGCACTTTTTCGTAACCTTGATGTAGTACCAATA
TATTCTCTATTCTAAGTCTTTCTTTTACGTGAAAAAGCATTGGAACTACATCATGGTTAT

AspAsnAlaSerThrThrThrAsnTyrThrAsnTyrArgleul leHisCysAsnArgSer
6781 GATAATGCTAGTACTACTACCAACTATACCAACTATAGGTTGATACATTGTAACAGATCA
CTATTACGAICATGATGATGGTTGATATGGTTGATATCCAACTATGTAACATTGTCTAGT

6790 scal,

VallleThrGlnAlaCysProLysvalSerPheGluProlleProlleHisTyrCysThr
6841 GTCATTACACAGGCCTGTCCAAAGGTATCATTTGAGCCAATTCCCATACATTATTGTACC
CAGTAATGTGICCGGACAGGTTTCCATAGTAAACTCGGTTAAGGGTATGTAATAACATGG

6851 stul,

ProAlaGl PheAlaIleLeuLysCysAsnAsnLxsThrPheAsnG1 LysGlyProCys
6901 CCOGLTGGTTTTGCGATTCTAAAGTGTAATAATAAAACGTTCAATGGAAAAGGACCATGT
GGCCGACCAAAACGCTAAGATTTCACATTATTATTTTGCAAGTTACCTTTTCCTGGTACA
ThrAsnValSerThrvalGlnCysThrHisGlylleArgProllevalSerThrGinLeu
6961 ACAAATGTCAGCACAGTACAATGTACACATGGAATTAGGCCAATAGTGTCAACTCAACTG
TGTTTACAGTCGTGTCATGTTACATGTGTACCTTAATCCGGTTATCACAGTTGAGTTGAC
LeuLeuAsnGlySerLeuAlaGluGluGluvalVallleArgSerAspAsnPheThrAsn

7021 CTGTTAAATGGCAGTCTAGCAGAAGAAGAGGTAGTAATTAGATCTGACAATTTCACGAAC
GACARTTTACCGTCAGATCGTCTTCTTCTCCATCATTAATCTAGACTGTTAAAGTGCTTG

7042 mboll, 7045 mboll, 7060 bgill,

FIG. 4L
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AsnAlalysThrilelleValGlnLeuAsnGluServalAlalleAsnCysThrArgPro

7081 AATGCTAAAACCATAATAGTACAGCTGAATGAATCTGTAGCAATTAACTGTACAAGACCC
TTACGATTTTGGTATTATCATQTCGACTTACTTAGACATCGTTAATTGACATGTTCTGGG
7102 pvull,

AsnAsnAsnThrArgLysSerIleTyrIlesleroGI%ArgAlaPheHisThrThrGly
7141 AACAACAATACAAGAAAAAGTATCTATATAGGACCAGGGAGAGCATTTCATACAACAGGA
TTGTTGTTATGTTCTTTTTCATAGATATATCCTGGTCCCTCTCGTAAAGTATGTTGTCQT

7199 mboll,

ArallelleGl
7201 AGAATAATAG

GX glysAlaHisCysAsnlleSerArgAlaGlnTrpAsnAsn
TCTTATTATCCT

In

AG

C

IleA
?ATAA AAXAGCACATTGTAACATTAGTAGAGCACAATGGAATAAC
TATTCTTTTCOTGTAACATTGTAATCATCTCOGTGTTACCTTATTG
y
A

ThrieubluG
7261 ACTTTAGAAC
TOAAATCTTGT

PheAsnGInSer
7321 TTTAATCAATCC
AAATTAGTTAGG

7331 mstll,

GluPhePheTyrCysAsnThrThr
7381 GAATTTTTCTACTGTAATACAACA
CTTAAAAAGATGACATTATGTT

GluGlyThrLysGlyAsnAspT
7441 GAAGGAACTARAGGAAATGACA
C TTGATTTCCTTTAC

LysieuArgGluGlnPheGlyAsnAsnLysThrlleval
AAATTAAGAGAACAGTTTGGGAATAATAAAACAATAGTC
TTTAATTCTCTTGTCAAACCCTTATTATITTGTTATC
A
6
C

spProGlulleValMetHisSerPheAsnCysArg
%EECAGAAATTGTAATGCACAGTTTTAATTGTAG

As
GA
cT
[
AT
TA
0 i
AG GTCTTTAACATTACGTGTCAAAATTAACATCT

r
6
ATATTC
evallys
AGTTAAA
TCAATTT AG
rélyGl ly
AGGXGGE GG
TCLTCCC cC

7501

6
¢
6
G

e
- T >N GIT >>—i™y

GAA
17
Gluval
A GAAGTAG
T CTTCAT
S [leThr
7561 T TTACA
A TAATGTC
T PheArgP r
TC%GAC AATTGGAGAAG

7621 ACCGAGGTCT A
CTGTTAACCTCTTC

TGGCTCCAGAAGTCTG
7628 mboll,

LysTyrLysvalllelys]leGluProLeuGlylleAlaProThrlysAlalysArgAr
7681 AAATATAAAGTAATAAAAATTGAACCATTAGGAATAGCACCCACCAAGGCAAAGAGAAG
TTTATATTTCATTATTTTTAACTTGGTAATCCTTATCGTGGGTGGTTCCGTTTCTETTCT

7736 mboll,

ATAT
ATATA

—

-

»
—

ValValGinArgGluLysArgAlaValelyllevalGlyAlaMetPheLeuGlyPheleu
7741 GTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGTAGGAGCTATGTTCCTTGGGTTCTTG
CACCACGTCTCTCTTTTTTCTCGTCACCCTTATCATCCTCGATACAAGGAACCCAAGAAC
GlyAlaAlaGlySerThrMetGlyAlavalSerLeuThrleuThrValGlnAlaArg6in
7801 GGXGCAGCAGGAAGCACTATGGG%GCAGTGTCATTGACGCTGACGGTACAGGCCAG2CAA
CCTCGTCGTCCTTCGTGATACCCGCGTCACAGTAACTGCGACTGCCATGTCCGGTCTETT

FIG. 4M
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LeuLeuSerG] IleValGlnGlnGlnAsnAsnLeuLeuArgAlaIleGluAlaGlnGln
7861 TTATTGTCTGGTATAGTGCAACAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAA
AATAACAGACCATATCACGTTGICGTCTTGTTAAACGACTCCCGATAACTCCGCGTTGTT
HisLeuleuGlnLeuThrvalTrpGlylleLysGlnLeuGlnAlaArgValleuAlaval
7921 CATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAGTCCTGGCTRTG
GTAGACAACGTTGAGTGTCAGACCCCGTAGTTCGTCGAGGTCCOTTCTCAGGACCGACAC
GluArgTyrieuArgAspGinGlnLeuleuBlylleTrpGlyCysSerGlyLysteul e
7981 GAAAGETACCTAAG GATCAACAGCTCCTAGGGATTTGGGGTTGCTCTGGAAAACTCATT
CTTTCTATGGATTCCCTAGTTGTCGAGGATCCCTAAACCCCAACGAGACCTTTTGAGTAA
7989 mstll, 7995 binl., 8007 avr2,
CysThrThrAlaValProTrpAsnAlaSerTrpSerAsniLysSerLeuGluAsplleTrp
8041 TGCACCACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAAGACATTTGG
ACGTGGTGACGACACGGAACCTTACGATCAACCTEATTATTTAGAGACgTTCTGTAAACC
8089 mboll,
AspAsnMetThrTrDMetGlnTrnGluArgﬁluIleAspAsnTerhrAsnThrI1eTyr
8101 GATAACATGACCTGGATGCAGTGGGAAAGAGAAATTGACAATTACACAAACACAATATAC
CTATTGTACTGGACCTACGTCACCCTTTCTCTTTAACTGTTAATGTGTTTGTGTTATATG
ThrieuleuGluGluSerGInAsnGInGInGluLysAsnGluGInGluLeuleuGiuLeu
8161 ACCTTACTTGAAGAATCGCAGAACCAACAAGAAAAGAATGAACAAGAATTATTAGAATTG
TGGAATGAACTTCTTAGCGTCTTGGTTGTTCTTTTCTTACTTGTICTTAATAATCTTAAC
8170 mboll,
AsplLysTrpAlaSerLeuTrpAsnTrpPheSerlleThrAsnTrpleuTrpTyrllelys
8221 GATAAGTGGGCAAGTTTGTGGAATTGGTTTAGCATAACAAACTGGCTGTGEGTATATAAAG
CTATTCACCCGTTCAAACACCTTAACCAAATCGTATTGTTTGACCGACACCATATATTTC
I1ePhe]leMet]levalGlyGlyleuvalGlyLeuArgllevalPheAlavallLeuSer
8281 ATATTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAGAATAGTTTTTGCTGTGCTTTCT
TATAAGTATTACTATCATCCTCCGAACCATCCAAATTCTTATCAAAAACGACACGAAAGA
IleValAsnArgValArgGInGlyTyrSerProLeuSerPheGlnThrArgLeuProVal
8341 ATAGTGAATAGAGTTAGGCAGGGATACTCACCATTGTCATTTCAGACCCGCCTCCCAGTC
TATCACTTATCTCAATCCGTCCCTATGAGTGGTAACAGTAAAGTCTGGGCGGAGGGTCAQ
8400 aval,
ProAraGlyProAspArgProAspGlylleGluGluGluGlyGlyGluArgAspArgAsp
8401 CCGAGEGG CCCGACAG CCCGACGGAATCGAAGAAGAAGG¥GGAGAGAGAGACAGAGAC
GGCTCCCCTGGGCTGTCCGGGCTGCCTTAG;TTQTTCTTCCACCTCTCTCTCTGTCTCTG
8431 mboll, 8434 mboll,
ArgSerValAr LeuvalAspGl PheLeuAlaLeuIleTrpGluAs?LeuAr SerLeu
8461 AGATCCGTTCGATTAGTGGATGGATTCTTAGCACTTATCTGGGAAGATCTGCOGAGCCTG
TCTAGGCAAGCTAATCACCT&CCTAAGAATCGTGAATAGACCQTICTAGACGCCTCGGAC
8503 mboll, 8505 bglll,
CysLeuPheSerTyrArgArgleuArgAspleuleuleul leAlaAlaArgThrvalGlu
8521 TGCCTETTCAGCTACCG CGLTTGAGAGACTTACTCTTGATTGCAGCGAGGACTGTGGAA
ACGGAGAAGTCGATGGCGGCGAACTCTCTGAATGAGAACTAACGTCGCTCCTGACACCTT

8525 mboll,

FIG. 4N
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IleleuBlyHisArgGlyTrpGluAlaleulysTyrTrpTrpSerLeuleuGinTyrTrp
8581 ATTCTGGGGCACAG GGGTGGGAAGCCCTCAAATXTTGGTGEAGTCTC%TGCAGTATTGG
TAAGACCCCGTGTCCCCCACCCTTCGGGAGTTTATAACCACCTCAGAGAACGTCATAACC
8629 pstl,
[1eGinGluLeulysAsnSerAlavalSerTrpLeuAsnAlaThrAlalleAlaval Thr
8641 ATTCAGGAACTAAXGAATAGTGCTGTTAGCTGECTCAACGCCACAGCTATAGCAGTAACT
TAAGTCCTTGATTTCTTATCACGACAATCGACCGAGTTGCGBTOTCGATATCGTCATTGA
GluGlyThrAspArgvallleGluvalAlaGinArgAlaTyrArgAlalleleutislle
8701 GAGGGgAcAGA?AGEGTTATAGAAGTAGCACAAAG GCTTXTAGXGCTATTCTCCACATA
CTCCCCTGTCTATCCCAATATCTTCATCGTGTTTCTCGAATATCTCGATAAGAGGTGTAT
HisArgAr IleAr GlnGl{LeuGluArgLeuLeuLeuoc Met6ly6lyLysTrpSer |
8761 CATAGAAGAATTAGACAGGGCTTGGAAAGGCTTTTGCTATAAGATGGGTGGCAAGTGGTCA
GTATCTTCTTAATCTGTCCCGAACCTTTCCGAAAACGATATTCTACCCACCGTTCACCAGT
8765 mboll,
LysAr SerMetGl¥GlyTrDSerAlalleArgGluArgMetArgArgAlaGluProArQ
8822 AAACGTAGTATGGGTGGATGGTCTGCTATAAGGGAAAGAATGAGACGAGCTGAGCCACGA
TTTGCATCATACCCACCTACCAGACGATATTCCCTTTCTTACTCTGCTCGACTCGGTGET
AlaGluProAlaAlaASDGlyValGlyAlaValSerArEAspLeuGluLysHisGlela
8882 GCTGAGCCAGCAGCAGATGGGGTGGRAGCAGTATCTCGAGACCTGGAAAAACATGGAGCA
chCTCGGTCGTCGTCTACCCCACCCTCGTCATA§AGCTCTGGACCTTTTTGTACCTCGT
8883 tthllll, 8916 aval xhol,
[leThrSerSerAsnThrAlaAlaThrAsnAladspCysAlaTrpLeuGluAlaGinGlu
8942 ATCACAAGTAGCAATACAGCAGCTACTAATGCTGATTGTGCCTGECTAGAAGCACAAGAG
TAGTGTTCATCGTTATGTCGTCGATGATTACGACTAACACGGACCGATCTTCGTGTTCTC
GluGluGluvalGlyPheProvalAr ProGInValProLeuArgProMetThrTerys
9002 GAGGAAGAGGTGGGTTTTCCAGTCAGACCTCAGGTACCTTTAAGACCAATGACTTACAAG
CTCQTTCTCCACCCAAAAGGTCAGTCTQGAGTQCATGGAAATTCTGGTTACTGAATGTTC

9005 mboll, 9029 mstll, 9034 kpnl,
AlaAlaleuAsplleSerHisPheleulys6lulysGlyslyLeugluGlyleulleTrp

9062 GCAGCTTTAGATATTAGCCACTTTTTAARAG AAXGGGGGGACTGGAAGGGCTAATTTGG
CGTCGAAATCTATAATCGETGAAAAATTTTCTTTTCCCCCCTGACCTTCCCGATTARACC
9085 ahalll,

SerGlnArgAr GlnGlulleLeuAsoLeuTrpIleTxrﬂisThrGlnGlyTerhePro
9122 TCCCAAAGAAGACAAGAGATCCTTGATCTGTGGATCTACCACACACAAGGCTACTTCCCT
AGGGTTTQTTCTGTTCTCTAGGAACTAGACAQCTAG 66T GBGA

9129 mboll, 9153 binl,

AspTrDGlnAsnTerhrProGl£ProGlyI1eArzTerroLeuThrPheGlyTrDCys

9182 GATTGGCAGAATTACACACCAGGGCCAGGGATCAGATATCCACTGACCTTTOGATEGTGC

CTAACCGTCTTAATGTGTGGTCCCGGTCQCTAGTQTATAGGTGACTGGAAACCTACCACG
9210 binl, 9216 ecors,
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9399 aval, 9417 scal,

TyrLysAspC
9422 TACAAAGACTGCTGACATCGAGCTTTCTACAAGGGACTTTCCGCTGGGGACTTTCCAGGG
ATGTTTCTGACGACTGTAGCTCGAAAGATGTTCCCTRAAAGGCGACCCCTGAAAGRTCCC

9482 AGGCGTGLCCTGOGCGGGACTEGGEAGTAOCGTCCCTCAGATGCTGCATATAAGCAGCTG
TCCOCACCGGACCCGCCCTGACCCCTCACCGCAGGGAGTCTACGACGTATATTCGTCGAC

9536 pvull,

PhelysLeuvalProvalGluProGlulysvalGluGluAlaAsnEluGlyGluAsnAsn E

9242 TTCAAGCTAGTACCAGTTGAGCCAGAGAAGGTAGAAGAGGCCAATGAAGGAGAGAACAAL
AAGTTCGATCATGGTCAACTCGGTCTCTTCCATCTTCTCCGGTTACTTCCTCTCTTGTTG |

9275 mboll. i
SerLeuleulisProMetSerLeutisGlyMetGluAspAlaGlulysGluvalleuval |

9302 AGCTTGTTACACCCTATGAGCCTGCATGGGATGGAGGACGCGGAGAAAGAAGTGTTAGTG ;
TCGAACAATGTGGGATACTCGGACGTACCCTACCTCCTGCGCCTCTTTCTTCACAATCAC |
TrDArgPheASDSerLysLeuA1aPheHisH;sMetAlaArgGluLeuHisProGluTyr |

9362 TGGAGGTTTGACAGCAAACTAGCATTTCATCACATGGCCCEAGAGCTGCATCCOGAGTAC |
ACCTCCARACTGTCETTTGATCGTAAAGTAGTGTACCGEELTCTCGACGTAGGLCTCATG

|

|

9542 CTTTTTGCCTGTACTGGETCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGE
GAAARACGGACATGACCCAGAGAGACCAATCTGGTCTAGACTCGGACCCTCOAGAGACCE
9576 bglll, 9590 sacl,

9602 TAACTAGGGAACCCACTGCTTAAGCCTCAATARAGCTTGCCTTGAGTGCTTCAAGTAGTG
ATTGATCCCTTGGETGACGAATTCOGAGTTATTTCGAACGGAACTCACGAAGTTCATCAC

9620 afl111, 9634 hindill,

9662 TGTGCCCGTCTGTTRTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTG
RCACGGGCAGACAACACACTGAGACCATTGATCTCTAGGGAGTCTGGGAAAATCAGTCAC

8722 TGGAAAAATCTCTAGCAG
ACCTTTTTAGAGATCGTC

FIG. 4P
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=453 E%GEKAGGGCTAATTTGGTCCCAAAGAAGACAAGAGATCCTTGATCTGTGGATCTACCAC
ACACAAGGCTACTTCCCTGATTGGCAGAATTACACACCAGGGCCAGGGATCAGATATCCA
-333 CTGACCTTTGGATGGTGCTTCAAGCTAGTACCAGTTGAGCCAGAGAAGGTAGAAGAGGLC
AATGAAGGAGAGAACAACAGCTTGTTACACCCTATGAGCCTGCATGGGATGGAGGACGLG
=214 GAGAAAGAAGTGTTAGTGTGGAGGTTTGACAGCAAACTAGCATTTCATCACATGGCCCRA
GAGCTGCATCCGEAGTACTACAAAGACTGCTGACATCGAGCTTTCTACAAGSGACTTTCCG T
-93 CTGGGGACTTTCCAGGGAGGCGTGECCTRGEGCEGEACTGEGEAGTGECGTCCCTCAGATG

-+—|J3 R—»
CTGCATATAAGCAGCTGCTTTTTGCCTGTACTG GGTCTCTCTGGTTAGACCAGATCTGAG R
28 CCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTT

-—R 5=
GAGTGCTTCA AGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCA

~—

U5
148 GACCCTTTTAGTCAGTGTGGAARAATCTCTAGCAG TGGCGCCCGAACAGGGACGCGAAA
GCGAAAGTAGAACCAGAGGAGCTCTCTCGACGCAGGACTCOGCTTGCTGAAGCGLGCACAG

268 CAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAATTTTTGACTAGCGGAGGCTAGAAG

MetGlyAlaArgAlaServalleuSerGlyGlyGluLeuAspLysTrpGlu 17
GAGAGAGAGATGGGTGCGAGAGCGTCGGTATTAAGCGGGGGAGAATTAGATAAATGGGAA
LysileArgleuArgProGlyGlyLyslystysTyrLysLeulysHisIleValTrpAla

388 AAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAAGTTAAAACATATAGTATGGGCA
SerArgGluLeuGluArgPheAlavalAsnPro6lyLeuLeuGluThrSerGluGlyCys 57
AGCAGGGAGCTAGAACGATTCGCAGTCAATCCTGGLCTGTTAGAAACATCAGAAGGCTGC
Ar GlnlleLeuGlyGInLeuGlnProSerLeuGlnThrGlySerGluGluLeuArgSer

8 AGACAAATATTGGGACAGCTACAGCCATCCCTTCAGACAGGATCAGAAGAACTTAGATCA
LeuTyrAsnThrvalAlaThrLeuTyrCysValHisGinArgl leAspVallysAspThr 97
TTATATAATACAGTAGCAACCCTCTATTGTGTACATCAAAGGATAGATGTARAAGACACC
LysGluAlaleuGluLyslieGluGluGluGlnAsnLysSerLysLysLysAlaGinGln

628 AAGGAAGCTTTAGAGAAGATAGAGGAAGAGCAAARCAXAAGTAXGAXAAAGGCACAGCAA
AlaAlaAlaAlaAlaGlyThrGlyAsnSerSerGinvalSerGinAsnTyrProlleval 137
GCAGCAGCTGCAGCTGGCACAGGAAACAGCAGCCAGGTCAGCCAAAATTACCCTATAGTG
GlnAsnLeuGlnGlyGlinMetValHisGInAlalleSerProArgThrieuAsnAlaTrp

748 CAGAACCTACAGGGGCAAATGOTACATCAGGCCATATCACCTAGAACTTTAAATGCATGG
VallysValValGluGluLysAlaPheSerProGluvallleProMetPheSerAlaley 177
GTAAAAGTAGTAGAAGAAAAGGCTTTCAGCCCAGAAGTAATACCCATGTTTTICAGCATTA
SerGluGlyAlaThrProGlnAspLeuAsnThrMetLeuAsnThrValGlzGlyHisGln

868 TCAGAAGGAGCCACCCCACAAGATTTAAACACCATGCTAAACACAGTGGGGOGACATCAA
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AlaAlaMetGlnMetLeutysGluThrlleAsnGluGiuAlaflaGiuTrpAspArgval 217
GCAGCCATGCAAATGTTAAAAGAGACTATCAATGAGGAAGCTGCAGAATGGGATAG%GTG G
HisProvalHisAlaGlyProlleAlaProGlyGinMetAraGluProArgGlySerAsp
988 CATCCAGTGCATGCAGGGCCTATTGCACCAGGCCAAATGAGAGAACCAAGGGGAAGTGAC A
IleAlaGlyThrThrSerThrLeuGlnGluGlnIleGlerpMetThrAsnAsnProPro 257
ATAGCAGGAACTACTAGTACCCTTCAGGAACAAATAGGATGGATGACAAATAATCCACCT
1leProvalGlyGlulleTyrLysAraTrpllelleleuGlyleudsniys]levalar G
1108 ATCCCAGTAGGXGAAATCTXTAXAAG2TGgATAATCCTGGGXTTAAATAAAATAGTAAG
MetTyrSerProThrSerlleLeuAsnlleArgGlnGIyProLysGluProPneArgAsp 297
ATGTATAGCCCTACCAGCATTCTGGACATAAGACAAGGACCAAAGGAACCCTTTAGAGAT
TyrValAspArgPheTyriysThrieuArgAlaGluGlnAlaSerGlnAspvallysAsn
1228 TATGTAGACCGGTTCTATAAAACTCTAAGAGCCGAACAAGCT TCACAGGATGTAARAAAT
TroMetThroluThrieuteuvalGinAsnAlaAsnP roASDCzsLysT rIleLeuLxs 337
TGGATGACAGAAACCTTGTTGGTCCAAAATGCAAAC CCAGATTGTAAGACTATTTTAARA
LeuGlyProAlaAlaThrLeuGluGluMetMetThrila C%sGInGlyVaIGlyGly
1348 GCATTGGGACCAGCAGCTACACTAGAAGAAATGATGACAGC TCAGGGAGTGGGGGGA
ProGlyHnsLysAlaArEValLeuAl aGluflaMetSerGlnvalThrAsnProAlaAsn 377
CCCGGCCATAAAGCAAGAG AAGCCATGAGCCAAGTAACAAATCCAGCTAAC
IleMetMetGlnArgGlvAsn AsnGInArgL VallysCysPheAsnCys
1468 ATAATGATGCAGAGAGGCAATTTTAG AACCARAGAA GACTGTTAAGTGTTTCAATTGT

GlyLysGIuGlé isIleAlalysAsnCysAr AlaProArg X ssé¥ gsTrpAr 417
GGCARAGAAGGGCACATAGCCAARAATTGCAGGBCCCCTAGGAAAAAGGGCTGTTGGAG

CysslyArgGluGlyHisGInMetLysASDCysThrGluArgGlnA]aAngngheuﬁly
1588 TGTGGAAGGGAAGGACACCAAATGAAAGATTGCACTGAGAGACAGGCTAATTTTTTAGgG

LysIleTroProSerTerysﬁlyAr ProGlyAsnPheLeuGlnSerArgProGluPro 457
luAspLeul]laPheleu g gGluPheSerSerGluGln 23
AAGATCTGGCCTTCCTACAAGG AAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCA

e T T sl
uteubinvailr UASNAST ey
1708 ACAGCCCCACCAGRAG GAGCTTCAGGTTTGEGGAGGXGAAAACAACTCCCTCTCAGAAG P

GInGluProlleAsplysGluLeuTyrProteuThrSerleuArgSerLeuPheGlyAsn 497
laGlyAlaAspArgGInGlyThrvalSerPheAsnPheProGlini leThrLeuTrpGin 63
CAGGAGCCGATAGACAAGGAACTGTATCCTYTAACTTCCCTCAGATCACTCTTTGGCAAC 0

AoBrOLoua T TE T ISAral le61v61yG InteutyseluAlaLeuLeuasoThrGLyA
r S
1828 GACCCCTCGTCACAATAAGGAT AGG GGG%CAACTAAAGGA AGCTCTATTAGATACAGGAG L
1aAspAspThrvalleuGluGluMetAsnLeuProGlyLysTroLysProLysMetile 103
CAGA?GATACAGTATTAGAAGAAATGAATTTGCCAGGXAAATGGAXACCAA AATGATAG
6lyGlylleGlyGlyPhelleLysValArgGinTyrAspGinileProval6iul leCys6
1948 GGGG ATTGGAGGTTTTATCARAGTAAG CAGTACGA?CAGATACCTGTAGAAATCTGTG

FIG. 5B
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]LeuValGlyProThrProValAsnIIelleGlyArg 143
ATTAGTAGGACCTACACCTGTCAACATAATTGGAAGAA

SerProlleGluThrvalP

GlnIleGl¥Cg euAsnPheProl le
2068 ATCTGTTGACTCAGATTGGTTGTACTTTARATTTCCCCATTAGTCCTATTGAAACTGTAC

sThrL

AsnLeuleuThr

pPheTrpG
CTTCT6G6
rvaltnrval 263

LeuAsnLysArgThrGlnAs
CTTAATAAAAGAACTCAAGA
ysSe
AATCAGTAACAGTAT

nProTyrAsnThrProValPh
TCCATACAATACTCCAGTATY

yrThra
ATACTG

T
T
rAsnval 303

InTy
AGTACAATGTGC

G1nSerSerMetThrL
C A

Lys
AAG

pAlaTyrPheServalProleu spPhehr

LeuAspValGlyAs AspLysA
2428 TGGA?GTGGG%GATGCATXCTTTTCAGTTCCCTTAGATAAAGACTTTAG%

6
¢

TrDLXSGleerProAlallePhe in rLys] leLeuG
TGGAAAGGATCACCAGCAATATTCCAAAGTAGCATOACARARATCTTAG

LeuProGlnGly
TGCCACAGGGA

2548

343

L

[Loils)

valGlySerAsplLeu
2668 TAGGATCTGACTTA

sGluProProPheLeu 383
AGAACCTCCATTCCTTT

yPheThrThrP

gﬂbm

TOTTGAGGTGGGGATTTACCACAC
TrpMetGlyTyr6lulLeuti

2788 GGATGGGTTATGAACTCCA

euLeulr

el

k sLeuAsnTrpAlaSer 423

le GlyLy Ala
TACAGAAGTTAGTGGGAAAATTGAATTGGGCAAGTC

GlnLysleuval

sGinLeuCysLyslLeul euArgGlyThriysAlal

laGlyllelysvallLy g X
2908 AGATTTATGCAGGGATTAAAGTAAAGCAGTTATGTAAACTCCTTAGAGGAACCARAGCAC

GlnlleTyrA

P

GlU 463

GE¢AG

X

n
C

V=g

IleteulysGluProvalHisGluval TyrTyrAspProSerL
3028 TTCTAAAAGAACCAGTACATGAAGTATXTTXTGAECCATCAAX

LeuT

isThrAsnAspvall

LeulysThrGlyLysTyrAlaArgMetArgGlvAlaH sGln
3148 TGAAAACAGGAAAGTATGCAAGGATGAGEGG¥GCCCACACTAATGA?GTAAXACAGTTAA

FIG. 5C

A

hrGluAlaValGlans
GAGGCAGTGCAAA

CA
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sGIuThrTrpGluAlaTrpTrpMetGluTyrTrpGlnAlaT
GGAAACATGGGAAGCATGGTGGATGGAGTATTGGCAAGCTA

eLysLeuProlleGlnLy
AAACTACCCATACAAAA

Ph

3268

G
6

géyTeralThrAsoAr GlyAraGlnlysvalvaiSer 623

g
G
LysLeuGlyLysAla g g
AGACTAAATTAGGAAAAGCAGGATATGTTACTGACAGAGGAAGACAAAAAGTTGTCTCCA

Ar
AG

AlaAsn
snGluGlnval 703

yGlyA
AGGAAATGAACAAGTAG

AlaGluThrPheTyrValAspGlyAla
GCAGAAACTTTCTATGTAGATGGGGCAGCTAAT

y
A

1uThr

ValAlalysGlullevalAlaSerCysAspLysCysGlnLeulysGlyGluA
3868 CACCTGTAGTAGCAAAAGAAATAGTAGCCAGCTGTGATAAATGTCAGCTAAAAGGAGAAG

ProProval

g AlavalHisvalAlaSerGlyTyrlleGluAlaGluvall

GluGlyLysllelleleuval rGl
3988 AAGGAAAAATTATCCTGGTAGCAGTTCATGTAGCCAGTGGATATATAGAAGCAGAAGTTA

G
6

erAsnPheThrSerThrThrValLysA1aA

snG1yS
ATGGCAGCAATTTCACCAGTACTACGGTTAAGGCCG

A
A

S
GAAAATTATAGGACAGGTAAGAGATCAGG

LystysilelleGlyGlnValArgAspGInA
AAGAA

=<

P

Glyva

4228 GAGT

laGluHisLeulysThrAlavalGlnMetAlavalPhel leHisAsnPheLysArglLys 803
CTGAACACCTTAXGACAGCAGTACAAATGGCAGTATTCATCCACAA TTAAAAGEAAAB

rAsplleG
AGACATAC

elleAlaTh
A

61yGly 1aGlyGluArgllevalAspllel
4348 GGGGGATTGGGGGATACAGTGCAGGEGAAAGgATAGTAGAEAT ATAGCAAC

11eGlyGlyTyrSerA

lleThrLyslleGlnAsnPheArgValTerxrArg 943
ATTACAAAAATTCAARATTTTCGGGTTTATTACAGGG

FIG. 5D
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Asp AsnLysAsoProLeuTroLysG1yProAlaLysLeuLeuTrpLysGlyGluGlgAlav
4468 ACAACARAGATCCCCTTTGGAAAGGACCAGCAAAGCTTCTCTGGAAAGGTGAAGGGGCAG
alvallleGlnAspAsnSerAspllelysValValProArgArgLysAlalysllelle 983
TAGTAATACAAGA AATAGTGACATAAAAGTAGTGCCAAGAAGAAAAGCAAAAATCATTA
g yrGlyLysGInMetAIaGI)FnspAsp(:gsv;alAlaSerArgGlnAspGIuAsoA
4588 GGGATTATGGAAAACAGATGGCAGGTGATGATTGTGTGGCAAGTAGACAGGATGAGGATT

%GAACATGGAAAAGTTTAGTAAAACACCATATGTATATTTCAAAGAAAGCTAAAGGATGG
4708 TTTTATAGACATCACTATGAAAGTACTCATCCAAGAGTAAGTTCAGAAGTACACATCCCC
CTAGGGGATGCTAAATTGGTAATAACAACATATTGGGGTCTGCATACAGGAGAAAGAGAA
4828 TGGCATTTGGGCCAGGGAGTCGCCATAGAATGEAGGAAAAAGAAATATAGCACACAAGTA
GACCCTGGCCTAGCAGACCAACTAATTCATCTGCATTATTTTGATTGTTTTTCAGAATCT
4948 GCTATAAAAAATGCCATATTAGGATATAGAGTTAGTCCTAGGTGTGAATATCAAGCAGGA
CATAACAAGGTAGGATCTCTACAATACTTGGCACTAGCAGCATTAATAACACCAAAAAAG
5068 ACAAAGCCACCTTTGCCTAGTGTTAAGAAACTGACAGAGGATAGATGGAACAAGCCCCAG
AAGACCAAGGGCCACAGAGGGAGCCATACAATGAATGGACACTAGAGCTTTTAGAGGAGC
5188 TTAAGAGAGAAGCTGTTAGACATTTTCCTAGGCCATGGCTCCATAGCTTAGGACAATATA
TCTATGAAACTTATGGGGATACTTGGGCAGGAGTGGAAGCCATAATAAGAATTCTGCAAC
5308 AACTGCTGTTTATTCATTTCAGAATTGGGTGTCAACATAGCAGAATAGGCATTATTCAAC
AGAGGAGAGCAAGAAGAAATGGAGCCAGTAGATCCTAATCTAGAGCCCTGGAAGCATCCA
5428 GGAAGTCAGCCTAGGACTGCTTGTAACAATTGCTATTGTAAAAAGTGTTGCTTTCATTGL
TACGCGTGTTTCACAAGAAAAGGCTTAGGCATCTCCTATGGCAGGAAGAAGCGBAGACAG
5548 CGACGAAGAGCTCCTCAGGACAGTCAGACTCATCAAGCTTCTCTATCARAGCAGTAAGTA
GTAAATGTAATGCAATCTTTACAAATATTAGCAATAGTATCATTAGTAGTAGTAGCAATA

5668 ATAGCAATAGTTGTGTGGACCATAGTACTCATAGAATATAGGAAAATATTAAGACAAAGA

AAATAGACAGATTAATTGATAGAATAAGAGAAAAAGCAGAAGACAGTGGCA%%E%XEE?& }
5788 RRSGOLACCAGEAGCART TN CABLALTTE CONGHT COGGEALLTTaET CCTTCRMATS

TRORTGATCTETAGIGC ACKGAAAKAT 161 B TCACAGTTTATTN ChACTACETEG
R e S S AN

KT AR 6T TGBOLCACACATOLE T LA CABRCECC AL EACARCARETA
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zalThreluAsnPheAsnMetTr k Q AsnMetValg GlnMet

ValLeuGlyAsn pLysSAsn 1u
6028 GTATTGGRAAATGTGACAGAAAATTTTAACATGTGGAAAAATAACATGGTAGAACAGATG

pAspGlnSerLeulysProCysvallysLeuTnrPro 123

InGluAsp LeuTr
AGGAGGATATAATCAGTTTATGGGATCAAAGCCTAAAGCCATGTGTAAAATTAACCCCA

[1elleSer

G
¢

ThrAsnThrAsnSerSerAsn
ACTAATAC

hrLeuAsnlys lyLysAlaThrAsn
CTTTAAATTGCACTGATTTGGGGAAGGCTACTAATACCAATAGTAGTAAT

ThrAspLeuGlyL
GGGA

LeuCysvalT
CTCTGTGTTA

eulys
6148 CTCTGT

163

[leLysAsnCysSerPheAsnlleThrThrSerlle
GCATA

yGlu
AGABATARAAAACTGCTCTTTCAATATCACCACAA

G
G

LeuPheArgAsnLeuAspYaly

gAs?LstleGlnLysGluAsnAla % ? alProlleAsp
6268 AGAGATAAGATTCAGAAAGAAAATGCACTTTTTCGTAACCTTGATGTAGTACCAATAGAT

Ar

AsnA1aSerThrThrThrAsnTerhrAsnTxrArgLeuIleHingsAsnArgSerVal 203
AATGCTAGTACTACTACCAACTATACCAACTATAGGTTGATACATTGTAACAGATCAGTC

nPheThrAsnAsn 283

pAs
CAATTTCACGAACAAT

(U=<L

LeuAsnGlySerlLeudl
TTAAATGGCAGTCTAGC

EsThrArgProAsn
CCCAAC

lalleAsnC

CAATTAACTGTACAAG
ProGlyArgAlaPheHisThrThrGlyArg 323 VY
CCAG GGAA

rlleGlyProGl 1yArg
AACAATACAAGAAAAAGTATCTATATAGGACCAGGGAGAGCATTTCATACAACAGGAAGA
E' CysAsnlleSerArgAlaGinTrpAsnAsnThr

laHis
CACATTGTAACATTAGTAGAGCACAATGGAATAACACT

A
G
X k LeuArgGluGlnPheGlyAsnAsnLysThrllevValPhe 363

SLYS
AAAATTAAGAGAACAGTTTGGGAATAATAAAACAATAGTCTTT

AsnAsnThrArglysSerlleTy

AsnGinSerSerGlyGl
6868 AATCAATCCTCAGGXGGX

iertysSer 443

Inlle
AAATTAGTTGTTCA

FIG. 5F

ProGlyGlyGlyAsp
GAGGTCTTCAGACCTGGAGGAGG ATATGAGgGACAATTGGAGEAGTGAATTATXTAAA

GluvalPheArgProGlyGlyGlyAspMetArgAspAsnTrpArgSerGluLeuTyrlys 483
ACCTGGAGGAGGAG
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LysileGluProLeuGlylleAlaProThrLysAlalysArgArgval
GGCAAAGAGXAGXGTG

rLysvallle
7228 TATAAAGTAATAAAAATTGAACCATTAGGAATAGCACCCACCAA

Ty
TA

afArgGlnlLeu

GInAl 2
CAGGCCAGACAATTA

E E I MetGlyAlavalSerteuThrLeuThrval

AlaAlaGlySerThr
7348 GCAGCAGGAAGCACTATGGGCGCAGTGTCATTGACGCTGACGRTA

lnGlnGlnAsnAsnLeuLeuArg
AACAGCAGAACAATTTGCTGAG

0

LeuLeuGlnLeuThrv

7468 CTGTTGCAACTCACAG

SerTrpSerAsntysSerLeuGluAsplleTrp

ThrThrAlavalProTrpAsnAla Asp
7588 ACCACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATARATCTCTGGAAGACATTTOGGAT

AsnMetThr
AACATGACC

E g g ySAsnGluGlnGluLeuleuGluleuAsp

LeuLeuGluGluSerGinAsnGlnGInGluL
7708 TTACTTGAAGAATCGCAGAACCAACAAGAAAAGAATGAACAAGAATTATTAGAATTGGAT

S
3

uArg ]LeuSerlle
AAGAATAGTTTTTGCTGTGCTTTCTATA

¥ erProLeuSerPheGinThrArgLeuProvalPro 723

[1eValPheAlava
yTyrS g
ATACTCACCATTGTCATTTCAGACCCGLCTCCCAGTCCCG

Phel leM
7828 TTCATAA

—il

euArgSerLequE 763 V

eulleTrpGluAspL
CTTAGCACTTATCTGGGAAGATCTGCGGAGCCTGT:

LeuPheSerTyrArgArgleuArgAsp

GlyGIyGluArgAspArgAspArg
GGTGEAGAGAGAGACAGAGACAGA

TrpGlu
TGGGAA

eLeuAlal
C

aArgThrva g

LeuleuleulleAlall 16lulle
8068 CTCTTCAGCTACCGCCG%TTGAGRGACTTACTC GATTGCAGCGAG&ACTGTG ARATT

nTyrTrplle 803

LeuGl
CTGCAGTATTGGATT

GInGluLeulLysAsnSeraAla
8138 CAGGAACTAAXGAATAGTGCT

AGATAGEGTTATAGAAGTAGCACAAAG?GCTT

GlyThrAspArgvallleGluvalAlaGinArgAla
GG%AC & !

uoC
CTTTTGCTATAAGATGGGTGGCAAGTGGTCAAA

Le

luArgLeuLeu

AAAG

ArgArglleArgGInGlyLeut
8308 AGAAGgATTAGACAGGGETTGG

FIG. 5G

ACGTAGTATGGGTGGATGGTCTGCTATAAGGGAAAGAATGAGACGAGCTGAGCCACGAGC
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8428 TGAGCCAGCAGCAGATGEGGTGGGAGCAGTATCTCGAGACCTGGAAAAACATGGAGCAAT
CACAAGTAGCAATACAGCAGCTACTAATGCTGATTGTGCCTGGCTAGAAGCACAAGAGGA
8548 GGAAGAGGTGGETTTTCCAGTCAGACCTCAGGTACCTTTAAGACCAATBACTTACAAGGC

AGCTTTAGATATTAGCCACTTTTTAAAAGAAAAGGGGGGA g%égZAGGGCTAATTTGGT

8667 CCCAAAGAAGACAAGAGATCCTTGATCTGTGGATCTACCACACACAAGGCTACTTCCCTG
ATTGGCAGAATTACACACCAGGGCCAGGGATCAGATATCCACTGACCTTTGGATGETGCT

8787 TCAAGCTAGTACCAGTTGAGCCAGAGAAGGTAGAAGAGGCCAATGAAGGAGAGAACAACA
GCTTGTTACACCCTATGAGCCTGCATRGGATGGAGGACGCGGAGAAAGAAGTGTTAGTGT

8907 GGAGGTTTGACAGCAAACTAGCATTTCATCACATGGCCCGAGAGCTGCATCCGGAGTACT R
ACAAAGACTGCTGACATCOAGCTTTCTACAAGGGACTTTCCGCTG6GGACTTTCCAGGGA

9027 GGCGTGGCCTGG6CEG6ACTGOOGAGTGGCGTCCCTCAGATGCTGCATATAAGCAGCTGE

—|3 R—»
TTTTTGCCTGTACTG GGTCTCTCTGGTTAGACCAGATCTGAGCCTGGOAGCTCTCTGGL

R 5 —
9146 TAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCA AGTAGT
GTGTGCCCOTCTOTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGT

U5
9265 GTGGAAAAATCTCTAGCAG

FIG. 5H
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IleLeuLysGluProvalHisGluvalTyrTyrAspProSerLysAspLeuvalAlaGliul
3028 TTCT AAAGAACCAGTACATGAAGTAT TT TGACCCATCAAAAGACTTAGTAGCAGAAA
1eGInLysGInGlyGInGlyGInTrpThrTyrGinlleTyréinGluProPheLysAsn 503
TACAGAAGCAGGGGCAAGGCCAATGGACATATCAAATTTATCAAGAGCCATTTAAAAATC
ysThrGlnysTyrAlaA 8MetAr GlyAlaHisThrAsnAspvallysGlnLeuT
3148 TGAAAACAGGAA GTATGCAAGGATGAGGGGTGCCCACACTAATGATGTAAAACAGTT

anéugéa alGlulysvalsSerThrGluSerilevallleTrpGlyLysIleProLys 543

FIG.9C
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ARV GAG pl6 - synthetic Parts A and B

5/ arv 234 '

MetGInArgGlyAsnPheAr snGlnArgLysThrValLysCysPheAanysGl¥Lys
TATTATGCAAAGAGGTAACTTCAGRAATCAAAGAAAGACCGTTAAGTGTTTCAACTGTGGTAAG
%TAATACGTTTQTCCATTGAAGTCQ z TTTCTTTCTGGCAATTCACAAAGTTGACACCATTC

arv 235
10 mnil, 23 hinfl,
GluGlyHisIleAlalysAsnCysArgAlaProAr LysLysAlaCysTroArgCysGl¥
63 GAAGGTCACATCGCTAAGAACTGTAGAGCTCCAAGAAAGAAGGCTTGTTGGAGATGTGG
CTTCCAGTGTAGC§ATTCTTGACATQICGAGGTTCTTTCTTCCGAACAACCTCTACACCA
76 ddel, 88 ban2 hgiA hgiJll sacl sdul., 83 alul,

ArgGluGlyHisGlnMetLysAspCysThrGluArgGinAlaAsnPheleuGlylyslle
123 AGAGAAGGTCACCARATGAAGGACTGTACCGAAAGACAAGCTAACTTCTTGGGTAAGATC
TCTCTTECQGTGGTTTACTTCCTGAQATGGCTTTCTGTICGATTGAAGAACCCATIQTAG

éggsgstEZ, 131 hph, 148 rsal, 161 alul, 178 bglll xho2, 179

TerroSerTerysGl¥Ar ProGlyAsnPhelLeu6inSerArgProGluProThrAla
183 TGGCCATCTTACAAGGGTAGACCAGGTAACTTCTTGCAATCCAGACCAGAACCAACCGCT
QQCGGTAGAATGTTCCQATCTQGTCCATTGAAGAACGTTAGGTCTGGTCTTGGTTGGCGA
%g? ball cfrl hael, 184 haelll, 199 accl, 204 apyl ecorll sc
ProProGluGluSerPheArgPheGlyGluGluLysTheThrProSerGlnLysG
243 CCACCTGAAGAAAGTTTCAGGTTCGGTGAAGAAAAGACCACCCCATCTCAAAAGC
GGTGGAQTTCTTTCAAAGTCCAAGQCAgTTCTTTTCTGGTGGGGTAGAGT TCG
249 mboll, 267 hpoh, 270 mboll,
ProlleAsplLysGluLeuTyrProLeuThrSerLeuArgSerLeuPheGlyAsnAspPro
303 CCAATCGACAAGGAATTGTACCCATTGACCTCTTTGAGATCCTTGTTCOGTAACGATCCC
GGTTQGCTGTTCCTTAAQATGGGTAACTQGAGAAACIQTAGGAACAAGCCATTGETAGQ@

307 taal, 320 rsal, 331 mnll, 339 xho2., 340 sau3a, 357 sau3a,
361 mnll., 362 aval xhol,

SerSerGInOP AM
363 TCGAGCCAATGATAG
AGCTCGGTTACTATCAGCT

363 taql. 377 accl hindll sall

FIG. 10
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snValSerThrvalGinCysThrHis6lylleArgProllevalSerThrGinLeuleu
6508 AATGTCAGCACAGTACAATGTACACATGGAATTAGGCCAATAGTGTCAACTCAACTGCTG
LeuAsnG]ySerLeuAlaGluGluGluvalvallleArgSerAspAsnPheThrAsnAsn 291
TTAAATGGCAGTCTAGCAGAAGAAGAGGTAGTAATTAGATCTGACAATTTCACGAACAAT
AlalLysThrllellevalGlnLeuAsnGluServValAlal leAsnCysThrArgProAsn
6628 GCTAAAACCATAATAGTACAGCTGAATGAATCTGTAGCAATTAACTGTACAAGACCCAAC
AsnAsnThrAriLysSerIleTyrIIeGlyProGlyArgAlaPheﬂlsThrThrslyArg 231
AACAATACAAGAAAAAGTATCTATATAGGACCAGGGAGAGCATTTCATACAACAGGRAGA
IlelleGlyAsplleArglysAlaHisCysAsnlleSerArgAlaGlnTrpAsnAsnThr
6748 ATAATAGGAGATATAAGAAAAGCACATTGTAACATTAGTAGAGCACAATGGAATAACACT
LeuGluGlnI1eValesLysLeuArgGluGlnPheGlyAsnAsnLysThrlIeValPhe 371
TTAGAACAGATAGTTAAAAAATTAAGAGAACAGTTTGGGAATAATAAAACAATAGTCTTT
AsnGlnSerSerGlyGlyAspProGlulleValMetHisSerPheAsnCysArgGly6lu
6868 AATCAATCCTCAGGAGGGGACCCAGAAATTGTAATGCACAGTTTTAATTGTAGAGGGGAA E
PhePheTyrCysAsnThrThrGlnLeuPheAsnAsnThrTrpArgleuAsnHisThrGlu 411
TTTTTCTACTGTAATACAACACAACTGTTTAATAATACATGGAGOTTAAATCACACTGAA
GlyThrLysGlyAsnAspThrile]lleLeuProCysArgllelysGlnllelleAsnMet
6988 GGAACTAXAGGAAATGACACAATCATACTCCCATGTAGAATAAAACAAATTATAAACATG
Trp6lnGluvalGlyLysAlaMetTyrAlaProProlleGlyGlyGinl 1eSerCysSer 451 N
TGGCAGGAAGTAGGAAAAGCAATGTATGCCCCTCCCATTGGAGGACAAATTAGTTGTTCA
SerAsnlleThrGlyleuLeuleuThrArgAspGlyGlyThrasnval ThrasnAspThr
7108 TCAAATATTACAGGGCTGCTATTAACAAGAGATGGTGGTACAAATGTAACTAATGACACE
v
GluValPheArgProGlyGlyGlyAspMetArgAspAsnTrpArgSer6iuLeuTyrlys 491
GAGGTCTTCAGACCTGGXGGAGGXGATATGAG GAEAATTGEAG%AGTGAATTAT TAAA
TyrlysvallleLyslieGluProAsnServalSer PYK Terminator
7228 TATAAAGTAATAAAAATTGAACCAAATTCGGTATCTTGA I

FIG. 11B
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Nucleotide Met[leAspLXsAlaGlnGlualuHisGluLysTyrHisSerAsnTro
positions 1 AGGXAACAG::::ATGAT:GA: AAGGCACAAGAAGAACATGAGAAATATCACAGTAATTGGE
relative to TCCXTTGTCs: < : TACTA: CT: TTCCETGTTCTTCTTGTACTCTTTATAGTGTCATTAACC

Flsure 3. 32 mboll, 38 nlalll,

ArgAlaMethlaSerAspPheAsnLeuProProvalvalAlalysGlullevalAl
3820 62 AGAGCCATGGCTAGTGATTTTAACCTGCCACCTGTAGTAGCAAAAGAAATAGTAGCCAGC
TCTCQQTACCGATCACTAAAATTGGACGGTGGACATCATCGTTTTCTTTATCATCGQICG

66 ncol, 67 nlalll. 118 nspBII pvull, 119 alul,

CysAspLysCysGinLeulys6lyGluAlaMetHisGlyGlnvalAspCysSerProGly
3880 122 TGTGATAAATGTCAGCTAAAAGGAGAAGCCATGCATGGACAAGTAGACTGTAGTCCAGGA

ACACTATTTACAGICGATTTTCCTCTTCG§[ACQTACCTGTTQATCTGACATCAQGTCCT

135 alul, 151 nlalll, 152 nsil ava3, 155 nlalll, 164 accl, 1
76 apyl bstXl ecorll scrfl.

1leTrpGinLeuAspCysThrHisLeubluGlylysl lel leLeuvalAlavalHisval

3940 182 ATATGGCAACTAGATTGTACACATCTAGAAGGAAAAATTATCCTGRTAGCAGTTCATGTA
TATACCGTTGATCTAAQATGTGTQGATCTTCCTTTTTAATAQGACCATCGTCAA§TACAT
198 rsal, 205 xbal, 223 apyl ecorll scrfl, 236 nlalll,

AlaSerGlyTyrlleGluAlaGluvallleProAlaGluThrGlyGinGluThrAlaTyr

4000 242 GCCAGTGGATATATAGARGCAGAAGTTATTCCAGCAGAGACAGGGCAGGAAACAGCATAT
CGGTCACCTATATATCTTCGTQTTCAATAAGGTCGTCTCTGTCCCGTCCTTTGTCGTATA
263 xmnl,
PheLeuleulLysLeuAlaGlyArgTroProvaliysThrileHisThrAspAsnGlySer

4060 302 TTTCTCTTAAAATTAGCAGGAAGATGGCCAGTAAAAACAATACATACAGACAATGGCAGT

AAAGAGAATTTTAATCGTCETTCTQQCGGTCATTTTTGTTATGTATGTCTGTTACQGTCG
321 mbecll, 326 ball cfrl hael, 327 haelll, 357 bbvy fnulhl,

AsnPheThrSerananVaILysAlaAlaCysTroTroAlaGIEIleLvsGlnGluPhe
4120 362 ARTTTCACCAGTACTACGGTTAAGGCCGCCTGTTORTGGGCAGGEATCAAGCAGGAATTT
TTAAQGTGGIQATGATGCCAATTEQGGCGGACAACCACCCGTCQQTAGTTCGTCCTTAAA

366 hph, 371 scal, 372 rsal, 385 haelll, 386 fnulhl nsbll, 4
05 binl, 406 dpnl sau3a,

GIXIleProTyrAsnProGInSerGInGlyValValGluSerMetAsnAsnGluLeuLxs
GGCATTCCCTACAATCCCCAAAGTCAAGGAGTAGTAGAATCTATGAATAATGAATTAAAG
CQGTAAGGGATGTTAGGGGTTTCAGTTCCTCATCATQTTAGATACTTATTACTTAATTTC

423 bsml, 458 hinfl,

4180 422

Lysllelle6] GanalArgAsoelnAlasluHisLeuLysThrAlaValGlnMetAéa
4240 482 AAAATTATAGGACAGGTAAGAGATCAGGCTGAACACCTTAAGACAGCAGTACAAATGGCA

TTTTAATATCCTGTCCATTCTQTAGTCCGACTTGTGQAATTCTGTCGTQATGTTTACCGT

503 dpnl sau3a, 518 aflll, 530 rsal.

ValPhel leHisAsnPhelysArglysGlyGlylleGly6lyTyrSerAlaGlyGluAr
4300 542 GTATTCATCCACAATTTTAAAAG AAAGGGGGGATTGGGGGATACAGTGCAGG%GAAAG

CATAA§TAGGTGTTA5AATTTTCTTTTCCCCCCTAACCCCETATGTCACGTCCCCTTTCT

547 fokl, 557 ahalil,

FIG. 12A
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I]eValAspIle]leAlaThrAsnlleGInThrLysGluLeuGlnLysGlnIleThrLys
4360 602 ATAGTAGACATAATAGCAACAGACATACAAACTAAAGAACTACAAAAGCARATTACAAA
TATEATCTGTATTATCGTTGTCTGTATGTTTGATTTCTTGAT TTTTCGTTTAATGTTTT
605 accl,
[ieGInAsnPheArcVal TyrTyrArgAspAs
4420 662 ATTCAARATTTTCGGGTTTATTACAGGGACAA

nLysAspProleuTrpLysGlyProAla
CAAAGATCCCCTTTGGAAAEE@E&%EE%

TAAGTTTTAAAAGCCcAAATAATGTCCCTGTTGTTIQTAGGGGAAACCTTT“

697 xho2, 698 dpnl sau3a. 713 asul avaz,

LysLeuLeuTrpLysGlyGluGlyAlavalVvallleGInAspAsnSerAspllelysval
4480 722 AAGCTTICTCTGGARAGGTGAAGGGGCAGTAGTAATACAAGATAATAGTGACATAARAGTA
TTCGAAGAGACCTTTCCACTTCCCCGTCATCATTATGTTCTATTATCACTGTATTTTCAT
722 hindill, 723 alul, 737 hph.
ValProArgArglysAlalysllelleArgAspTyrGlyLysGinMetA]laGlyAspAsp
4540 782 GTGCCAAGAAGAAAAGCAAARATCATTAGGGATTATGGAAAACAGATGGCAGGTGATGAT
CACGGTTCTTCTTTTCGTTITTTAGTAATCCCTAATACCTTTTGTCTACCGTCCACTACTA

789 mbcll, 833 hph,

CysValAlaSerArgGlnAspGluAs %A
4600 842 TGTGTGG AAGTAGACAGGATGAGGATTAGTCGACGGAATTCTTTAGTAAAACACC
ACACACC CTACTC
3
8

C
GTTCATCTGTC CTAATCAGCTGCCTTAAGAAATCATTTTGTGE
1
c

.r859 fokl, 863 mnil, 871 accl hindll sall, 872 taql
orl,

A
852 acec
, 878 e

FIG. 12B
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HUMAN IMMUNODEFICIENCY VIRUS (HIV)
NUCLEOTIDE SEQUENCES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional, of application Ser. No.
08/089,407, filed Tul. 8, 1993 now U.S. Pat. No. 7,273,695,
which is a continuation of application Ser. No. 07/931,154,
filed Aug. 17, 1992 now abandoned, which is a continuation
of application Ser. No. 07/138,894, filed Dec. 24, 1987, now
U.S. Pat. No. 5,156,949.

This application is a continuation-in-part of U.S. patent
application Ser. No. 06/773,447, filed 6 Sep. 1985, which is
a continuation-in-part of U.S. patent application Ser. No.
06/696,534, filed 30 Jan. 1985, now abandoned, which is a
continuation-in-part of U.S. patent application Ser. No.
06/667,501, filed 31 Oct. 1984, now abandoned. The disclo-
sures of the above application are incorporated herein by
reference.

TECHNICAL FIELD

The present invention is directed to nucleotide sequences,
such as DNA, encoding human immunodeficiency virus
polypeptides, the use of such nucleotide sequences in diag-
nostic procedures and in the production of recombinant
protein, as well as the use of such proteins in diagnostic,
prophylactic, and therapeutic applications.

BACKGROUND OF THE INVENTION

Acquired immune deficiency syndrome (AIDS) is now
recognized as one of the greatest health threats facing mod-
ern medicine. There is, as yet, no cure for this almost invari-
ably fatal disease. This state of affairs has made the preven-
tion of the disease an extremely high priority in the medical
community. An individual who is infected with human
immunodeficiency virus (HIV), the etiologic agent of AIDS,
can transmit the disease, and yet remain asymptomatic for
many years. The ability to accurately screen large numbers
of asymptomatic individuals (e.g., healthy appearing blood
donors) for HIV infection is of great importance.
Furthermore, the development of a vaccine would be par-
ticularly desirable, since it would afford some protection
against transmission of AIDS by individuals who either are
not detected by a diagnostic test, or evade such a test.

In 1983-1984, three groups independently identified the
suspected etiological agent of AIDS. See, e.g., Barre-
Sinoussi et al. (1983) Science 220:868-871; Montagnier et
al., in Human T-Cell Leukemia Viruses (Gallo, Essex &
Gross, eds., 1984); Vilmer et al. (1984) The Lancet 1:753;
Popovic et al. (1984) Science 224:497-500; Levy et al.
(1984) Science 225: 840-842. These isolates were variously
called lymphadenopathy-associated virus (LAV), human
T-cell lymphotropic virus type III (HTLV-III), or AIDS-
associated retrovirus (ARV). All of these isolates are strains
of the same virus, and were later collectively named human
immunodeficiency virus (HIV). With the isolation of a
related AIDS-causing virus, the strains originally called HIV
are now termed HIV-1 and the related virus is called HIV-2.
See, e.g., Guyader et al. (1987) Nature 326:662-669; Brun-
Vezinet et al. (1986) Science 233:343-346; Clavel et al.
(1986) Nature 324:691-695.
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Initially, HIV was propagated in culture in human
mitogen-activated T cells. This method, however, could not
produce the large quantities of virus required for serology
assays on the scale required to protect public health and
safety. It was not until immortalized cell lines capable of
becoming chronically infected in vitro were discovered that
HIV could be produced in any substantial quantities. See,
e.g., Montagnier et al. (1984) Science 225:63-66; Levy etal.,
supra; Popovic et al., supra. The ability to grow the virus in
culture led to the development of immunoassays for the
detection of anti-HIV antibodies in the blood of patients
suspected of having been infected, as well as for screening
blood donors. See, e.g., Schupbach et al. (1984) Science
224:503-505; Sarngadharan et al. (1984) Science 224:506-
508; Feorino et al. (1984) Science 225:69-72; Kalyanaraman
et al. (1984) Science 225: 321-323; Culliton et al. (1984)
Science 226:1128-1131; Groopman et al. (1984) Science
226:447-449; Ho et al. (1984) Science 226:451-453; U.S.
Pat. No. 4,520,113.

Due to the great hazard of cultivating HIV in vitro, the
number of facilities and individuals capable of working with
the virus is necessarily limited. Furthermore, while tissue
culture may provide viral polypeptides suitable for use in
diagnostic assays, it is highly undesirable to employ
polypeptides produced by tissue culture in vaccine composi-
tions due to the risk of infectivity posed by live, intact virus.

While production of viral polypeptides by recombinant
means could be considered to be a solution to the problems
described above, the production of recombinant proteins was
not possible prior to the present invention. For example, HIV
nucleotide sequences were not available and sequenced so as
to enable the production of recombinant proteins. Even more
importantly, it was unknown whether recombinantly pro-
duced viral protein would be sufficiently similar in antigenic
properties to native HIV polypeptides so as to be generally
useful in diagnostic assays or vaccine production. In
addition, homology between the genome of HIV and human
T-cell leukemia virus type I and type Il (HTLV-1 and -1I) had
been reported. See, e.g., Arya et al. (1984) Science 225:927-
930. Thus, it was unclear that sufficiently unique epitopes of
HIV could be produced by recombinant means to distinguish
HIV from HTLV-1 or HTLV-II. Furthermore, it was unclear
prior to the present invention whether the various HIV iso-
lates possessed sufficiently related epitopes so that a recom-
binant polypeptide based on one isolate could be useful in a
general diagnostic assay or vaccine composition.

Prior to the present invention, therefore, recombinant HIV
polypeptides could not be produced and it was not clear that
such polypeptides would be generally useful in diagnostic,
prophylactic, or therapeutic methods or products.

SUMMARY OF THE INVENTION

Nucleotide sequences and expression of nucleotide
sequences are provided for detecting the presence of
complementary sequences associated with a retroviral etio-
logic agent (HIV, e.g., HIV-1 or -2) for lymphadenopathy
syndrome (LAS), acquired immune deficiency syndrome
(AIDS) or AIDS-related complex (ARC), and for producing
polypeptides. The single-stranded sequences are at least 20,
more usually of at least about 50 nucleotides in length, and
may find use as probes. The double-stranded sequences may
find use as genes coding for expression of polypeptides,
either fragments or complete polypeptides expressed by the
virus or fused proteins, for use in diagnosis of HIV infection
or evaluating stage of infection, the production of antibodies
to HIV, and the production of vaccines. Based on the nucle-
otide sequences, synthetic peptides may also be prepared.



US RE41,158 E

3

Specific aspects of the invention include:

1. A DNA construct comprising a replication system rec-
ognized by a unicellular microorganism and a DNA
sequence coding for at least 20 bp of a human immunodefi-
ciency virus (HIV) genome, said replication system being a
non-HIV replication system;

2. A DNA construct comprising a replication system rec-
ognized by a unicellular microorganism and a DNA
sequence of at least about 21 bp having an open reading
frame and having a sequence substantially complementary
to a sequence found in the gag, env, or pol region of an HIV,
coding for a polypeptide which is immunologically non-
cross-reactive with HTLV-1 and HTVL-II, and reactive with
an HIV;

3. A restriction endonuclease fragment of at least about
1.5 kbp derived from restriction enzyme digestion by at least
one restriction endonuclease of a DNA sequence coding for
an HIV of the class HIV-1;

4. A DNA sequence comprising a fragment of at least
about 20 bp, wherein the strands are complementary to a
restriction endonuclease fragment described in 3 above, said
sequence duplexing with an HIV nucleic acid sequence and
not duplexing with HTLV-I or HTLV-II under comparable
selective hybridization conditions;

5. A method for detecting the presence of an HIV nucleic
acid sequence present in a nucleic acid sample obtained
from a physiological sample, which comprises:

(a) combining said nucleic acid sample with a single-
stranded nucleic acid sequence of at least about 20 bases
complementary to a sequence in said HIV and non-cross-
reactive with HTLV-I and -II under conditions of predeter-
mined stringency for hybridization; and

(b) detecting duplex formation between said DNA
sequence and nucleic acid present in said sample;

6. A method for cloning DNA specific for an HIV, which
comprises growing a unicellular microorganism containing
the above-described DNA construct, whereby said DNA
sequence is replicated;

7. A method for producing an expression product of HIV
which comprises:

(a) transforming a unicellular microorganism host with a
DNA construct having transcriptional and translational ini-
tiation and termination regulatory signals functional in said
host and an HIV DNA sequence of at least 21 bp having an:
open reading frame and under the regulatory control of said
signals; and

(b) growing said host in a nutrient medium, whereby said
expression product is produced;

8. A method for producing an expression product of HIV
which comprises growing mammalian host cells having a
DNA construct comprising transcriptional and translational
initiation and termination regulatory signals functional in
said host cells and a DNA sequence of at least 21 bp and less
than the whole HIV genome, said sequence having an open
reading frame and an initiation codon at its 5'-terminus and
under the transcriptional and translational control of said
regulatory signals, whereby a polypeptide encoded by said
sequence is expressed.

9. A method of detecting antibodies to HIV in a sample
suspected of containing said antibodies comprising:

(a) providing a support with at least one antigenic recom-

binant HIV polypeptide bound thereto;

(b) contacting said sample with said support-bound

polypeptide;
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(c) washing the support;

(d) contacting the support with labeled antibody to human

immunoglobulin; and

(e) detecting the presence of said antibodies to HIV on

said support via said label;

10. Recombinant HIV polypeptides including, but not
limited to:

(a) plogag;

(b) p25gag;

¢) an env polypeptide;

(d) p31pol;

(e) a fusion protein of pl6gag and p25gag;

() a fusion protein of a gag polypeptide and an env

polypeptide;

(g) a fusion protein comprising an env polypeptide;

(h) a fusion protein comprising p31pol;

(1) gp120env;

() gp4lenv;

(k) a fusion protein comprising env-5b; and

(1) reverse transcriptase.

11. An article of manufacture for use in an assay for anti-
HIV antibodies comprising at least one of the above-
described HIV polypeptides bound to a solid support.

12. A vaccine composition, and a method of producing
antibodies in a mammal comprising administering to said
mammal said vaccine composition wherein the vaccine
composition comprises an antigenically effective amount of
a recombinant HIV polypeptide.

Other embodiments will also be apparent from the
description below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a restriction map of proviral DNA from HIV
strain ARV-2.

FIGS. 2 and 3 are restriction maps of recombinant A
phages containing ARV-2 sequences.

FIG. 4 is a complete nucleotide sequence of ARV-2,
derived from partial sequences of several ARV clones. Cor-
responding amino acid sequences are indicated for the open
reading frames of the individual genes.

FIG. 5 is the nucleotide sequence of ARV-2(9B). The
amino acid sequences for the products of the gag, pol, and
env genes are indicated. The U3, R, and U5 regions of the
LTRs are also designated. The cap site is position +1. The
nucleotides at the beginning of each line are numbered, and
the amino acids at the end of each line are indicated. FIG. 5
herein shows the same sequence as that in FIG. 5 of both
U.S. Ser. No. 06/773,447 (filed 6 Sep. 1985) and U.S. Ser.
No. 06/696,534 (filed 30 Jan. 1985), the nucleotides in the
figure of the earlier applications being numbered from the
beginning of the integrated sequences.

FIG. 6 is a flow diagram showing the procedure for mak-
ing the plasmid of pSV-7c/env, an expression vector for
ARV-2-env gene.

FIG. 7 is a flow diagram showing the procedures for mak-
ing the plasmids pGAG25-10 and pGAG41-10.

FIG. 8 is the nucleotide sequence of the p25gag gene
cloned in plasmid pGAG25-10 and the amino acid sequence
encoded by that gene.

FIG. 9 is the coding strand of the nucleotide sequence
cloned in pGAG41-10 for producing the fusion protein
p41lgag and the corresponding amino acid.

FIG. 10 is a nucleotide sequence coding for pl6gag pro-
tein that was cloned into plasmid ptac5 to make an expres-
sion plasmid for producing pl6gag in bacteria.
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FIG. 11 is a nucleotide sequence that encodes ARV-2 env
protein that was used to prepare plasmid pDPC303.

FIG. 12 is a nucleotide sequence that encodes ARV-2 p31
protein and is contained in plasmid pTP31.

FIG. 13 is a map of the ARV env gene showing the regions
env-1, env-2, env-3, env-4, and env-5.

FIG. 14 is a restriction map of plasmid pDM15, which
was used to construct S. cerevisiae strain JSC302.

FIG. 15 is the synthetic nucleotide sequence env-5b,
which encodes the amino acid sequence of the ARV env-5
region.

FIG. 16 is the results of an indirect ELISA in which an
AIDS patient’s serum (<) was titrated against microtiter
plates coated with recombinant polypeptides from env
regions. A pool of serum samples from random blood donors
was used as a control (o). Panel A shows the results for
purified, recombinant env-2. Panel B shows the results with
purified, recombinant env-5b. The insert in each panel shows
a Coomassie-stained gel (lane 1) and an immunoblot with
the AIDS patient’s serum (lane 2) of the purified antigens
used in these ELISAs.

FIG. 17 shows the results of an ELISA, employing recom-
binant env-2 (top panel) and env-5b (bottom panel)
polypeptides, ruin on seronegative blood donors.

FIG. 18 shows the results of an ELISA, employing recom-
binant env-2 (top panel) and env-5b (bottom panel)
polypeptides, run on HIV seropositive patients, including
those diagnosed as having AIDS or AIDS-related complex
(ARC), as well as those having contacts with AIDS patients.

FIG. 19 shows the results of ELISAs used to measure
antibody titers in the AIDS seropositive patients of FIG. 18.

FIG. 20 is a flow diagram showing the procedure for mak-
ing plasmid pAB24/RT4, an expression vector for HIV
reverse transcriptase.

FIG. 21 is a flow diagram showing the construction of
pC1l/1-p25-ADH-GAP, a yeast expression vector for
p25gag.

FIG. 22 shows the DNA and amino acid sequence of the
p25gag structural region in pC1/1-p25-ADH-GAP.

FIG. 23 is a flow diagram showing the construction of
pC1/1-pSP31-ADH-GAP (pC1/1-pSP31-GAP-ADH2), a
yeast expression vector for a SOD/p31pol fusion protein.

FIG. 24 shows the DNA and amino acid sequences of the
SOD/p31pol structural region in pC1/1-pSP31-ADH-GAP.

FIG. 25 is a flow diagram showing the construction of
pSOD/env5b from pSODCF2 and a synthetic env-5b
sequence.

FIG. 26 shows the nucleotide sequence and putative
amino acid sequence of the SOD/env-4 fusion construct in
pBS24/SOD-SFenv4.

FIG. 27 is a restriction map for yeast shuttle vector
pAB24.

FIG. 28 is a restriction map for yeast expression vector
pAB-GAP-env2.

FIG. 29 is a restriction map of pPCMV6a.

FIG. 30 is an immunoblot performed with AIDS patient
serum on env-1 (lanes A, B), env-2 (lanes C, D) and env-3
(lanes E, F). Lanes A, C and E are immunoblots with normal
sera, while lanes B, D and F are immunoblots with serum
from an AIDS patient.

FIG. 31 shows an ELISA survey for p31 antibodies. Panel
(a) shows the results for random, normal blood donors. Panel
(b) shows the results for virus-seropositive individuals. The
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shaded bars are for sera that scored negative in the virus
immunoblot assays.

MODES FOR CARRYING OUT THE INVENTION

Nucleotide sequences are provided which are at least in
part specific for sequences present in HIV retroviruses,
which are the etiological agent of AIDS. HIV is an art-
recognized family of viruses, e.g., HIV-1 and HIV-2. The
original isolates of these viruses were variably referred to as
lymphadenopathy virus (LAV) [Barre-Sinoussi et al. (1983)
Science 220: 868-871], human T-cell lymphotropic virus-111
(HTLV-III) [Popovic et al. (1984) Science 224:497] and
AIDS-associated retrovirus (ARV) [Levy et al. (1984) Sci-
ence 225:840-842]. Applicants originally termed these iso-
lates “human T-cell lymphotropic retrovirus (hTLR)”.
Subsequently, the name HIV has been given to these retrovi-
ruses by an international committee. Thus, HIV (and par-
ticularly HIV-1) shall be used herein as an equivalent to
hTLR. Examples of HIV-1 were previously called LAV,
ARV and HTLV-III. Among the identifying characteristics
of HIV retroviruses are (i) being an etiologic of AIDS, (ii)
being cytopathic in vitro, (iii) having a tropism for CD4-
bearing cells, and (iv) having elements trans-activating the
expression of viral genes acting at the LTR level.

New HIVs may be shown to be of the same class by being
similar in their morphology, serology, reverse transcriptase
optima, cytopathology, amino acid sequence, and nucleotide
sequence as known HIV strains. Coffin et al. (1986) Nature
321:10. Within different HIV-1 isolates, for example, the gag
and pol proteins shows about 90-95% homology at the
amino acid level, and the env precursor shows about 65-85%
homology (most of the variations being confined to certain
“hyper-variable” regions), with all 23 env cysteines being
conserved. Alizon et al. (1986) Cell 46:63-74. HIV-2,
however, is a new class of the HIV family that is not a strain
of HIV-1 according to the recommended criteria of the inter-
national taxonomy committee. See, e.g., Guyader et al.
(1987) Nature 326:662-669, HIV-1 and HIV-2 show an over-
all approximate amino-acid homology of about 42%, with
about 60% amino acid homology for the gag and pol
proteins, and about 40% for the env precursor.

The nucleotide sequences of this invention may be the
entire sequence of the retrovirus and/or the provirus or may
be fragments thereof based on restriction enzyme digestion
of HIV (provirus and/or other dsDNA homologous to retro-
virus RNA), which fragments may be all or part of the LTR,
gag, pol, env, and/or other open reading frames, such as Q
(or sor), R, tat, and art (or trs) (sometimes referred to by the
designation “orf” herein), untranslated regions intermediate
coding regions, and fragments and combinations thereof.
The minimum size single-stranded fragment will be at least
20 bases and usually at least 50 bases and may be 100 bases
or more, where the entire HIV is about 9.5 kb. The sequence
may be obtained as a fragment from the HIV or be synthe-
sized.

The fragments can be used in a wide variety of ways,
depending upon their size, their natural function, the use for
which they are desired, and the degree to which they can be
manipulated to modify their function. Thus, sequences of at
least 20 bases, more usually at least 50 bases, and usually not
exceeding about 1000 bases, more usually not exceeding
about 500 bases, may serve as probes for detection of the
presence of HIV in a host cell, including the genome, orin a
physiological fluid, such as blood, lymph, saliva, spinal
fluid, or the like. These sequences may include coding and/
or non-coding sequences. The coding sequences may
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involve the gag, pol, env or other open reading frames, either
in whole or in part. Where splicing occurs between, for
example, a region in the LTR sequence and a coding
sequence in another region, the joined DNA from the
provirus, linked by invitro manipulation, or from cDNA or
cloned cDNA, may be employed.

It is found that HIV is highly polymorphic. Therefore, not
only may DNA prepared from various isolates vary by one
or more point mutations, but even the passage of a single
isolate may result in variation in the progeny. Thus, where
the nucleotide sequences are used for duplex formation,
hybridization, or annealing, for example, for diagnosis or
monitoring of the presence of the virus in vivo or invitro,
complete base pairing will not be required. One or more
mismatches are permissible. To ensure that the presence of
one or a few, usually not more than three, mismatches still
allows for stable duplexes under the predetermined strin-
gency of hybridizing or annealing conditions, probes will
normally be greater than 20 bases, preferably at least about
50 bases or more.

The method of detection will involve duplex formation by
annealing or hybridization of the oligonucleotide probe,
either labeled or unlabeled, depending upon the nature of the
detection system, with the DNA or RNA of a host suspected
of harboring the provirus or virus. A physiological sample
may include tissue, blood, saliva, serum, etc. Particularly,
blood samples will be taken, more particularly blood
samples containing peripheral mononuclear cells, which
may be lysed and the DNA or RNA isolated in accordance
with known techniques. Cells may be cultured to amplify
virus in vitro, or treated to stimulate PBLs, thereby produc-
ing more virus. Conveniently, the cells are treated with a
detergent, nucleic acids are extracted with organic solvents
and precipitated in an appropriately buffered medium, and
the DNA or RNA isolated. Depending upon the particular
protocol, the DNA may be fragmented by mechanical shear-
ing or restriction endonuclease digestion.

The sample polynucleotide mixture obtained from the
human host can be bound to a support or may be used in
solution depending upon the nature of the protocol. The
well-established Southern technique [(1975) J. Mol. Biol.
98:503] may be employed with denatured DNA, by binding
the single-stranded fragments to a nitrocellulose filter.
Alternatively, RNA can be blotted on nitrocellulose follow-
ing the procedure described by Thomas, (1980) Proc. Natl.
Acad. Sci. (USA) 77:5201. Desirably, the fragments will be
electrophoresed prior to binding to a support, so as to be able
to select for various sized fractions. Other techniques may
also be used such as described in Meinkoth & Wahl, (1984)
Anal. Biochem. 138:267-284.

The oligonucleotide probe may be DNA or RNA, usually
DNA. The oligonucleotide sequence may be prepared syn-
thetically or in vivo by cloning, where the complementary
sequence may then be excised from the cloning vehicle or
retained with the cloning vehicle. Various cloning vehicles
are available, such as pBR322, M13, Charon 4A, or the like,
desirably a single-stranded vehicle, such as M13.

As indicated, the oligonucleotide probe may be labeled or
unlabeled. A wide variety of techniques exist for labeling
DNA and RNA. As illustrative of such techniques, is radio-
labeling using nick translation, tailing with terminal
deoxytransferase, or the like, where the bases which are
employed carry radioactive >?P. Alternatively, radioactive
nucleotides can be employed where carbon, nitrogen or
other radioactive atoms may be part of the nucleoside struc-
ture. Other labels which may be used include fluorophores,
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enzymes, enzyme substrates, enzyme cofactors, enzyme
inhibitors, or the like. Alternatively, instead of having a label
which provides for a detectable signal by itself or in con-
junction with other reactive agents, ligands can be used to
which receptors bind, where the receptors are labeled such
as with the above-indicated labels, which labels provide
detectable signals by themselves or in conjunction with
other reagents. See, e.g., Leary et al. (1983) Proc. Natl.
Acad. Sci. (USA) 80:4045-4049; Cosstick et al. (1984)
Nucleic Acids Res. 12:1791-1810; PCT Pub. No. WO
83/02277.

The oligonucleotide probes are hybridized with the dena-
tured human host nucleic acid, substantially intact or
fragmented, or fractions thereof, under conditions of prede-
termined stringency. The stringency will depend upon the
size and composition of the probe, the degree of
mismatching, the desired cross reactivity with other strains
of the subject HIV, and the like. Usually, an organic solvent
such as formamide will be present in from about 30 to 60 vol
percent, more usually from about 40 to 50 vol percent, with
salt concentration from 0.5 to 1 M. Temperatures will gener-
ally range from about 30° C. to 65° C., more usually from
about 35° C. to 50° C. The times for duplex formation may
be varied widely, although minimum times will usually be at
least about one hour and not more than about 72 hours, the
time being selected in accordance with the amount of DNA
or RNA available, the proportional of DNA or RNA as com-
pared to total DNA or RNA, or the like. Stringency may also
be modified by ionic strength and temperature. The hybrid-
ization and annealing can be carried out in two stages: a first
stage in a hybridization medium; and, a second stage,
involving washings at a higher stringency, by varying either
or both temperature and ionic strength.

As understood in the art, the term “stringent hybridization
conditions” as used herein refers to hybridization conditions
which allow for closely related nucleic acid sequences to
duplex (e.g., greater than about 90° homology), but not unre-
lated sequences. The appropriate conditions can be estab-
lished by routine procedures, such as running Southern
hybridization at increasing stringency until only related spe-
cies are resolved and the background and/or control hybrid-
ization has disappeared (i.e., selective hybridization).

The oligonucleotide probe may be obtained in a variety of
ways. Viral RNA from HIV may be isolated from the super-
natant of cells infected (e.g., HIV-1 or HIV-2) in culture, and
the high molecular weight materials precipitated and the
DNA removed, for example, employing DNase. The residual
RNA may then be divided into molecular weight fractions,
where the fraction associated with the molecular weight of
the retrovirus is isolated. This fraction will be from about 8
to 10 kb viral RNA. The viral RNA may be further purified
by conventional techniques, such as electrophoresis,
chromatography, or the like.

Nucleotide probes may be prepared employing reverse
transcriptase using primers, e.g., random primers or specific
primers. The cDNA may be prepared employing a radioac-
tive label, e.g., >*P, present with one or more of the dNTPs.
Reverse transcription will provide various sized fragments
depending on the primers, the efficiency of transcription, the
integrity of the RNA, and the like. The resulting cDNA
sequences may be cloned, separated and used for detection
of the presence of a provirus in the human genome or for
isolation of pure retroviral RNA.

Using specific primers of 10 to 20 bases, or more, HIV
may be reverse transcribed and the resulting ss DNA used as
a probe specific for the region which hybridized to the
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primer. By employing one or more radionucleotide-labeled
bases, the probes will be radiolabeled to provide a detectable
signal. Alternatively, modified bases may be employed
which will be randomly incorporated into the probe and may
be used to provide for a detectable signal. For example,
biotin-modified bases may be employed. The resulting
biotin-containing probe may then be used in conjunction
with labeled avidin to provide for a detectable signal upon
hybridization and duplex formation.

Of particular interest is employing the region containing
the gag or env genes, where fragments may be employed to
screen proviral DNA in infected cells, to determine the iden-
tity of retroviruses associated with AIDS or LAS obtained
from different human hosts. Probes providing for the desired
degree of cross-reactivity or absence of cross-reactivity may
then be prepared in a form, either labeled or unlabeled, use-
ful for diagnostic assays employing hybridization and
annealing.

The double-stranded DNA sequences, either isolated and
cloned from proviral DNA or cDNA or synthesized, may be
used for expression of polypeptides which may be a precur-
sor protein subject to further manipulation by cleavage, or a
complete mature protein or fragment thereof. The smallest
sequence of interest, so as to encode an amino acid sequence
capable of specific binding, for example, to a receptor or an
immunoglobulin, will be 21 bp, usually at least 45 bp, exclu-
sive of the initiation codon. The sequence may code for any
greater portion of or the complete polypeptide, or may
include flanking regions of a precursor polypeptide, so as to
include portions of sequences or entire sequences coding for
two or more different mature polypeptides. The sequence
will usually be less than about 5 kbp, more usually less than
about 3 kbp.

The sequences having open reading frames as numbered
in FIG. 4 are the genes beginning at nucleotide (nt) 838 to
2298 (gag); 2347 to 2825 (small polypeptide between gag
and pol regions); 2965 to 5103 (pol); and 6236 to 8800 (env).
It is to be understood that the above sequences may be
spliced to other sequences present in the retrovirus, so that
the 5'-end of the sequence may not code for the N-terminal
amino acid of the expression product. The splice site may be
at the 5'-terminus of the open reading frame or internal to the
open reading frame. The initiation codon for the protein may
not be the first codon for methionine, but may be the second
or third methionine, so that employing the entire sequence
indicated above may result in an extended protein. However,
for the gag and env genes there will be proteolytic process-
ing in mammalian cells, which processing may include the
removal of extra amino acids.

In isolating the different domains the provirus may be
digested with restriction endonucleases, the fragments elec-
trophoresed and fragments having the proper size and
duplexing with a probe, when available, are isolated, cloned
in a cloning vector, and excised from the vector. The frag-
ments may then be manipulated for expression. Superfluous
nucleotides may be removed from one or both termini using
Bal31 digestion. By restriction mapping, convenient restric-
tion sites may be located external or internal to the coding
region. Primer repair or invitro mutagenesis may be
employed for defining a terminus, for insertions, deletion,
point or multiple mutations, or the like, where codons may
be changed, either cryptic or changing the amino acid,
restriction site introduced or removed, or the like. Where the
gene has been truncated, the lost nucleotides may be
replaced using an adaptor. Adaptors are particularly useful
for joining coding regions to ensure the proper reading
frame.
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The env domain of HIV can be obtained by digestion of
the provirus with EcoRI and Kpnl and purification of a 3300
base pair (bp) fragment, which fragment contains about 400
bp of 5' non-coding and about 200 bp of 3' non-coding
region. Three different methionines coded for by the
sequence in the 5' end of the open reading frame may serve
as translational initiation sites.

The open reading frame of the env gene of ARV-2 has a
coding capacity of 863 amino acids. Portions of the env gene
coding for the polypeptides shown in FIG. 5 were produced
in S. cerevisiae using yeast expression vectors. See FIG. 13.
Env-2, encompassing amino acid residues 26 to 510, corre-
sponds to the major portion of the mature envelope
glycoprotein, gp120, that is external to viral and infected cell
membranes. Env-1 includes amino acid residues 26 to 276
and represents approximately the amino-terminal half of the
gp120 polypeptide. Env-3, stretching between amino acid
residues 529 to 855, corresponds to the portion of the env
gene which encodes gp41, the viral glycoprotein that spans
membranes and serves as an anchor for the envelope glyco-
protein complex. Env-4, amino acid residues 272 to 509,
correspond to the carboxyl terminal half of gp120. Env-5b,
encompassing amino acid residues 557 to 677, corresponds
to the region of gp41 stretching between the two hydropho-
bic domains. These various recombinant portions of the env
domain are valuable in diagnostic assays for HIV infections,
particularly env-2 and env-5h.

Digestion of proviral sequences with Sacl and EcoRV
provides a fragment of about 2300 bp which contains the gag
domain and a second small open reading frame towards the
3" end of the gag region. The gag domain is about 1500 bp
and codes for a large precursor protein which is processed to
yield proteins of about 25,000 (p25), 16,000 (pl6) and
12,000 (p12) daltons. Digestion with Sacl and Bglll may
also be used to obtain exclusively the gag domain with p12,
p25 and partial p16 regions.

Digestion of the previous with Kpnl and Sstl provides a
fragment containing the portion of the pol domain that
encodes p31. Native HIV reverse transcriptase (RT) is puri-
fied from virions in p66 and p51 forms. Both of these forms
have identical N-termini, apparently differing at the
C-termini. RT is encoded within a domain of the viral pol
gene. The mature enzyme is derived by proteolytic process-
ing from a large precursor polypeptide whose cleavage is
thought to be mediated by a viral protease. This protease, by
analogy with other retroviruses, also cleaves the gag gene
precursor. For direct expression of the RT domain in yeast,
the N- and C-termini of the mature protein were estimated
by drawing on homology comparisons with the amino acid
sequences of pol gene products of other retroviruses. Precise
amino acid choices for termini were based on the target
specificities of retroviral proteases, including the AIDS virus
protease, from known gag subunit sequences. Accordingly,
the Phe-Pro at positions 155 and 156 of the ARV-2 pol open
reading frame and the Val-Pro at positions 163 and 164 were
selected as likely N-termini. A likely C terminal processing
site was estimated at the Val-Pro of positions 691 and 692.
See FIG. 5. Recombinant RT is valuable in diagnostic assays
for HIV infections.

The polypeptides which are expressed by the above DNA
sequences may find use in a variety of ways. The polypep-
tides or immunologically active fragments thereof, may find
use as diagnostic reagents, being used in labeled or unla-
beled form or immobilized (i.e., bound to a solid surface), as
vaccines, in the production of monoclonal antibodies, e.g.,
inhibiting antibodies, or the like.

The DNA sequences may be joined with other sequences,
such as viruses, e.g., vaccinia virus or adenovirus, to be used
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for vaccination. Particularly, the DNA sequence of the viral
antigen may be inserted into the vaccinia virus at a site
where it can be expressed, so as to provide an antigen of HIV
recognized as an immunogen by the host. The gag, pol, or
env genes or fragments thereof that encode immunogens
could be used.

Another alternative is to join the gag, env, or pol regions
or portions thereof to HBsAg gene or pre-S HBsAg gene or
immunogenic portions thereof, which portion is capable of
forming particles in a unicellular microorganism host, e.g.,
yeast or mammalian cells. Thus, particles are formed which
will present the HIV immunogen to the host in immunogenic
form, when the host is vaccinated with assembled particles.

As vaccines, the various forms of the immunogen can be
administered in a variety of ways, orally, parenterally,
intravenously, intra-arterially, subcutaneously,
intramuscularly, or the like. Usually, these will be provided
in a physiologically acceptable vehicle, generallly distilled
water, phosphate-buffered saline, physiological saline, buff-
ers containing SDS or EDTA, and the like. Various adjuvants
may be included, such as aluminum hydroxide, MTP in
saline and Tween 80, and the dosages, number of times of
administration and manner of administration determined
empirically.

In order to obtain the HIV sequence (e.g., HIV-1 or HIV-
2), virus can be pelleted from the supernatant of infected
host cells. A 9 kb RNA species is purified by electrophoresis
of the viral RNA in low-melting agarose gels, followed by
phenol extraction. The purified RNA may then be used as a
template with random primers in a reverse transcriptase
reaction. The resulting cDNA is then screened for hybridiza-
tion to polyA+ RNA from infected and uninfected cells, or to
one of A vectors containing HIV DNA disclosed herein. For
the polyA+ RNA, hybridization occurring from infected, but
not uninfected cells, is related to HIV.

Genomic DNA from infected cells can be digested with
restriction enzymes and used to prepare a bacteriophage
library. Based upon restriction analysis of the previously
obtained fragments of the retrovirus, the viral genome can be
partially digested with EcoRI and 9 kb-15 kb DNA frag-
ments isolated and employed to prepare the library. The
resulting recombinant phage, may be screened using a
double-lift screening method employing the viral cDNA
probe, followed by further purification, e.g., plaque-
purification and propagation in large liquid cultures. From
the library, the complete sequence of the virus can be
obtained and detected with the previously described probe.

HIV DNA (either provirus or cDNA) may be cloned in
any convenient vector. Constructs can be prepared, either
circular or linear, where the HIV DNA, either the entire HIV
or fragments thereof, may be ligated to a replication system
functional in a microorganism host, either prokaryotic or
eukaryotic cells (mammalian, yeast, arthropod, plant).
Micro-organism hosts include E. coli, B. subtilis, P.
aerugenosa, S. cerevisiae, N. crassa, etc. Replication sys-
tems may be derived from ColEl, 2 mu plasmid A SV40,
bovine papilloma virus, or the like, that is, both plasmids and
viruses. Besides the replication system and the HIV DNA,
the construct will usually also include one or more markers,
which allow for selection of transformed or transfected
hosts. Markers may include biocide resistance, e.g., resis-
tance to antibiotics, heavy metals, etc., complementation in
an auxotrophic host to provide prototrophy, and the like.

To produce recombinant polypeptides, expression vectors
will be employed. For expression in microorganisms, the
expression vector may differ from the cloning vector in hav-
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ing transcriptional and translational initiation and termina-
tion regulatory signal sequences and may or may not include
a replication system which is functional in the expression
host. The coding sequence is inserted between the initiation
and termination regulatory signals so as to be under their
regulatory control. Expression vectors may also include the
use of regulable promoters, e.g., temperature-sensitive or
inducible by chemicals, or genes which will allow for inte-
gration and amplification of the vector and HIV DNA such
as tk, dhfr, metallothionein, or the like.

The expression vector is introduced into an appropriate
host where the regulatory signals are functional in such host.
The expression host is grown in an appropriate nutrient
medium, whereby the desired polypeptide is produced and
isolated from cells or from the medium when the polypep-
tide is secreted.

Where a host is employed in which the HIV transcrip-
tional and translational regulatory signals are functional,
then the HIV DNA sequence may be manipulated to provide
for expression of the desired polypeptide in proper juxtapo-
sition to the regulatory signals.

The polypeptide products can be obtained in substantially
pure form, particularly free of debris from human cells,
which debris may include such contaminants as proteins,
polysaccharides, lipids, nucleic acids, viruses, bacteria,
fungi, etc., and combinations thereof. Generally, the
polypeptide products will have less than about 10-15 weight
percent, preferably less than about 5 weight percent, of con-
taminating materials from the expression host. Depending
upon whether the desired polypeptide is produced in the
cytoplasm or secreted, the manner of isolation will vary.
Where the product is in the cytoplasm, the cells are
harvested, lysed, the product extracted and purified, using
solvent extraction, chromatography, gel exclusion,
electrophoresis, or the like. Where secreted, the desired
product will be extracted from the nutrient medium and puri-
fied in accordance with the methods described above.

In many cases it will be desirable to express the recombi-
nant HIV polypeptide as a fusion protein. This is particularly
true with polypeptides such as p31pol and the transmem-
brane region of gp4lenv (env-5), to obtain improved levels
of expression. The fusion proteins approach allows the addi-
tion of a signal sequence to the HIV polypeptide so that the
product is secreted by the expression host. Generally, the
DNA sequence for the HIV polypeptide is in the C-terminal
portion of the fused gene, the heterologous sequence making
up the N-terminal. The choice of the appropriate heterolo-
gous sequence for fusion to the HIV sequence is a matter of
choice within the skill of the art. Preferred heterologous
sequences include the N-termini of [-galactosidase and
human superoxide dismutase. It is usually preferable that the
heterologous sequence be non-immunogenic to humans. In
one embodiment, however, two HIV sequences from differ-
ent immunogenic domains of the virus, such as gag and env,
are fused together. This produces a single fusion protein with
the immunogenic potential of the two parent polypeptides.

The expression products of the env, gag, and pol genes
and immunogenic fragments thereof having immunogenic
sites may be used for screening antisera from patients’ blood
to determine whether antibodies are present which bind to
HIV antigens. One or more of the antigens may be used in
the assay. Preferred modes of the assay employ a combina-
tion of gag and env antigens or pol and env antigens. A
combination of p25gag, pl6gag, or p31pol and env antigens
is particularly preferred. A wide variety of assay techniques
can be employed, involving labeled or unlabeled antigens or
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immobilized antigens. The label may be fluorescers,
radionuclides, enzymes, chemiluminescers, magnetic
particles, enzyme substrates, cofactors or inhibitors, ligands,
or the like.

A particularly convenient technique is to bind the antigen
to a support that will bind proteins, such as the surface of an
assay tube, a well of an assay plate, or a strip of material like
nitrocellulose or nylon, and then contact the sample with the
immobilized antigen. After washing the support to remove
non-specifically bound antisera, labeled antibodies to human
Ig are added and specifically bound label determined.

ELISA and “dot-blot” assays are particularly useful for
screening blood or serum samples for anti-HIV antibodies.
The ELISA assay uses microtiter trays having wells that
have been coated with the antigenic HIV polypeptides(s).
The wells are also typically post-coated with a nonantigenic
protein to avoid nonspecific binding of antibodies in the
sample to the well surface. The sample is deposited in the
wells and incubated therein for a suitable period under con-
ditions favorable to antigen-antibody binding.

Anti-HIV antibodies present in the sample will bind to the
antigen(s) on the well wall. The sample is then removed and
the wells are washed to remove any residual, unbound
sample. A reagent containing enzyme-labeled antibodies to
human immunoglobulin is then deposited in the wells and
incubated therein to permit binding between the labeled anti-
human Ig antibodies and HI'V antigen-human antibody com-
plexes bound to the well wall. Upon completion of the
incubation, the reagent is removed and the wells washed to
remove unbound labeled reagent. A substrate reagent is then
added to the wells and incubated therein. Enzymatic activity
on the substrate is determined visually or spectrophotometri-
cally and is an indication of the presence and amount of
anti-HIV antibody-containing immune complex bound to
the well surface.

The “dot-blot” procedure involves using HIV antigen(s)
immobilized on a piece or strip of bibulous support material,
such as nitrocellulose filter paper or nylon membrane, rather
than antigen-coated microtiter trays. The support will also be
treated subsequently with a nonantigenic protein to elimi-
nate nonspecific binding of antibody to the support. The
antigen-carrying support is contacted with (e.g., dipped into)
the sample and allowed to incubate therein. Again, any anti-
HIV antibodies in the sample will bind to the antigen(s)
immobilized on the support. After a suitable incubation
period the support is withdrawn from the sample and washed
in buffer to remove any unbound sample from the paper. The
support is then incubated with the enzyme-labeled antibody
to human Ig reagent for a suitable incubation period. Follow-
ing treatment with the labeled reagent the support is washed
in buffer, followed by incubation in the substrate solution.
Enzymatic activity, indicating the presence of anti-HIV
antibody-containing complexes on the support, causes color
changes on the support which may be detected optically.

Either of these techniques may be modified to employ
labels other than enzymes, or to detect non-human anti-HIV
antibodies (e.g., primate). The reading or detection phases
will be altered accordingly.

The antigenic HIV polypeptide may also be used as
immunogens by themselves or joined to other antigens for
the production of antisera or monoclonal antibodies which
may be used for therapy or diagnosis. When used as
immunogens, the HIV polypeptides can be prepared as vac-
cine compositions, as is known in the art. The immunoglo-
bulins may be from any mammalian source, e.g., rodent,
such as rat or mouse, primate, such as baboon, monkey or
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human, or the like. For diagnosis, the antibodies can be used
in conventional ways to detect HIV in a clinical sample.

EXAMPLES

The following examples are offered for illustrative pur-
poses only, and are not intended to limit the scope of the
claims in any way. The examples are organized as follows:

1. Isolation, Cloning and Characterization of HIV
1.1. Purification and preparation of viral RNA
1.2. Synthesis of labeled viral probe
1.3. Detection of HIV RNA and DNA in mammalian cells
1.4. Cloning of proviral HIV DNA
1.5. Polymorphism of HIV
1.6. Sequencing of proviral DNA

1.7. Amino acid sequences of native HIV proteins
2. Expression of HIV Polypeptides in Mammalian Cells

2.1. Expression of env peptide
2.1.1. Mammalian expression vector pSV-7¢
2.1.2. Transformation of cells with env sequences
2.1.3. Detecting Expression Via immunofluorescence

2.2 Expression of gp160env
2.2.1. Mammalian expression vector pSV7d
2.2.2. Expression of tPA/gp160

2.3 Expression of gp120env
2.3.1. Expression of tPA/gp120 in pSV7d
2.3.2. Expression of gp120 using CMV IE-1 promoter

2.4 Expression of gag peptides

2.5 Expression of gag-env fusion protein
3. Expression of HIV Polypeptides in Bacteria

3.1. Expression of p25gag
3.1.1. Host-vector system
3.1.2. Construction of pGAG25-10
3.1.3. Transformation and expression of gag peptide
3.1.4. Fermentation process
3.1.4.1. Preparation of master seed stock
3.1.4.2. Fermenter inoculum
3.1.4.3. Fermentation and harvest
3.1.5. Purification of p25gag
3.1.6. Characterization of Recombinant p25gag
3.1.6.1. Protein gel electrophoresis
3.1.6.2. Western analysis
3.1.6.3. ELISA comparison of recombinant and
native p25gag
3.2. Expression of pl6gag
3.3. Expression of fusion protein p41gag

3.4. Expression of p31pol
3.4.1. Host-vector system
3.4.2. Construction of pTP31.2
3.4.2.1. Construction of M13 template 01100484
3.4.2.2. In vitro mutagenesis of 01100484
3.4.2.3. Isolation of DNA fragments containing p31
3.4.2.4. Cloning of p31 into plot 7
3.4.2.5. Construction of pTP31
3.4.3. Screening of transformants
3.4.4. Characterization of Recombinant protein
3.5. Expression of SOD-p31 fusion protein
3.6. Expression of SOD-env5b fusion protein
3.6.1. Host-Vector System
3.6.2. Construction of pSOD/env5Sh
3.6.3. Expression of SOD/env5b fusion protein
3.6.4. Protein Purification
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3.7. Expression of -gal-env fusion proteins
3.7.1. Host-vector system
3.7.2. Construction of plI-3.
3.7.3. Expression and characterization of fusion protein
4. Expression of HIV Polypeptides in Yeast

4.1. Expression of envH peptide

4.1.1. Host-vector system

4.1.2. Construction of pDPC303

4.1.3. Transformation and expression

4.1.4. Purification of envH protein
4.1.4.1. Cell breakage
4.1.4.2. SDS extraction of insoluble material
4.1.4.3. Selective precipitation and gel filtration

4.1.5. Characterization of recombinant envH

4.2. Expression of env subregion polypeptides

4.2.1. Env-1
4.2.1.1. GAP promoter

4.2.2. Env-2
4.2.2.1. Construction of pAB24-GAP-env2
4.2.2.2. Transformation and expression
4.2.2.3. Purification of env-2 protein
4.2.2.4. Immunogenicity

4.2.3. Env-3
4.2.3.1. GAP promoter
4.2.3.2. ADH-2/GAPDH promoter

4.2.4. Env-4
4.2.4.1. pBS24/SF2env4/GAP
4.2.4.2. pBS24
4.2.4.3. pBS24/SOD-SF2env4

4.2.5. ySOD/env-5b fusion protein

4.2.6. Env 4-5
4.2.6.1. Construction of pBS24.1/SOD-SF2env 4-5
4.2.6.2. Transformation and expression
4.2.6.3. Protein purification

4.3. p31pol
4.3.1. GAP/ADH?2 promoter
4.3.2. GAP promoter
4.3.3. SOD-p31 fusion protein
43.3.1. pCl/1-pSP31-GAP-ADH2
4.3.3.2. Transformation and expression
4.3.3.3. Purification and characterization

4.4 Reverse transcriptase (RT)
4.4.1. pAB25/RT4 expression vector
4.4.2. Transformation and Expression
4.4.3. Purification
4.4.4. Electrophoresis and Immunoblotting
4.4.5.RT activity assay

4.5. p25gag
4.5.1. Host-vector system
4.5.2. Saccharomyces cerevisiac AB110
4.53. pCl/1-p25-ADH-GAP
4.5.4. Transformation and Expression
4.5.5. Protein Purification

4.6 pS3gag
4.6.1. Construction of pCl/1-GAP-p53
4.6.2. Transformation and expression
4.6.3. Protein purification

5. Immunoassays for Anti-HIV Abs Using Recombinant

HIV Polypeptides

5.1. ELISA-A
5.1.1. Assay Protocol
5.1.2. Results

5.2. ELISA-B
5.2.1. Assay Protocol
5.2.2. Results
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5.3. Dot Blot Assay

5.4. Immunoblot Strip ELISA Assay
6. Serology Studies with Recombinant HIV Polypeptides

6.1. Immunoblot with Env Polypeptides

6.2. ELISA with Env Polypeptides

6.3. ELISA with Gag Polypeptides

6.4. Western and ELISA with Pol Polypeptides
7. HIV Immunization

7.1. Immunization of Mice

7.2. Immunization of guinea pigs
7. Deposits of Biological Materials
1. Isolation, Cloning and Characterization of HIV

The DNA and RNA sequences of HIV are provided, as
well as fragments thereof, which find extensive use in the
detection of the presence of HIV, for the expression of pro-
tein specific for HIV and the use of such proteins for the
production of monoclonal antibodies for invitro and in vivo
use, in diagnostics, therapy, or the like. In addition, due to
the observed polymorphism of HIV, probes are indicated
which can be used to detect the presence of HIV or a particu-
lar polymorphism thereof. The probes are at least about 20
bases and will usually not be more than about 500 bases and
may be in the gag, env or LTR region. Furthermore, a strat-
egy is provided for analyzing the various polymorphisms,
using restriction enzyme analysis, whereby different isolates
can be related in accordance with different families.

1.1 Purification and Preparation of Viral RNA

HUT-78 cells infected with ARV-2 (ATCC Accession No.
CRL 8597, deposited on Aug. 7, 1984) were obtained from
Dr. Jay Levy, University of California, San Francisco. Cul-
tures were grown for two weeks in RPMI medium with 10%
fetal calf serum. Cells were removed by low-speed centrifu-
gation (1,000xg for 10 min), and the resulting supernatants
centrifuged at 2 Krpm for 1 h at 4° C. using a SW-28 rotor.
The pellet, containing the virus, was resuspended in 10 mM
Tris-HCI, pH 7.5 on ice. The resuspended pellet was treated
with 10 pg of DNase (Boehringer-Mannhein) and was lay-
ered onto a linear sucrose gradient (15-50% in 10 mM Tris-
HCL, pH 7.5, 1 mM EDTA, 20 mM NaCl). The gradient was
spun at 34 Krpm for 4 h at 4° C., in SW-41 rotor. Five 2.5 ml
fractions were collected and an aliquot of each was electro-
phoresed in a 1% agarose, 5 mM methyl mercury hydroxide
gel [Bailey et al. (1976) Anal. Biochem. 70:75-85] to deter-
mine which contained the 9 kb viral RNA. The fraction con-
taining the viral RNA (identified by gel analysis) was diluted
to 10 ml in 10 mM Tris-HCl, pH 7.5, 1 mM EDTA and was
centrifuged at 34 Krpm for 2 h at 4° C. The pellet was
resuspended in 20 mM Tris-HCI, pH 7.6, 10 mM EDTA,
0.1% SDS, and 200 ng/ml proteinase K. Incubation was car-
ried out for 15 min at room temperature. The mixture was
extracted with phenol and the aqueous phase was made 400
mM NaCl and precipitated with ethanol. The pellet was
resuspended in water and stored at —=70° C.

To purify the viral RNA from the nucleic acid pellet
obtained as described above, a sample was electrophoresed
in a low-melting 1% agarose gel containing 5 mM Methyl
mercury hydroxide. After electrophoresis, the gel was
stained with 0.1% ethidium bromide and nucleic acid bands
were visualized under UV light. The region coresponding to
9 kb was cut from the gel and the agarose was melted at 70°
C. for 2 to 3 min in three volumes of 0.3 M NaCl, 10 mM
Tris, pH 7.5, 1 mM EDTA. The mixture was extracted with
an equal volume of phenol. The aqueous phase was reex-
tracted with phenol and was precipitated with ethanol. The
pellet was washed with cold 95% ethanol, air dried, resus-
pended in water and stored at —70° C. until use. One hundred
ml of culture medium yielded 0.5 to 1 pg of purified RNA.
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1.2. Synthesis of Labeled Viral Probe

A *?P-labeled cDNA was made to the gel purified viral
RNA using random primers (calf thymus primers) prepared
as described in Maniatis et al., Molecular Cloning: A Labo-
ratory Manual (Cold Spring Harbor Laboratories 1982). The
reaction mixture contained 2 pl of 0.5 M MgCl,; 5 ul of 0.1
M dithiothreitol; 2.5 pl each of 10 mM DATP, 10 mM dGTP
and 10 mM dTTP; 2.5 ul calf thymus primer (100A,4,/ml);
0.5 pg viral RNA; 5 pl of actinomycin D (200 pg/ml); 10 pl
of **P-dCTP (>3000 Ci/mmole, 1 mCi/ml) and 1 pl of AMV
reverse transcriptase (17 units/ul) in a 50 pl reaction volume.
The reaction was incubated for 1 h at 37° C. The probe was
purified away from free nucleotides by gel filtration using a
Sephadex G50 column. The void volume was pooled, NaCl
was added to a final concentration of 400 mM and carrier
single-stranded DNA to 100 pg/ml, and the cDNA was pre-
cipitated with ethanol. The pellet was resuspended in water
and incorporated **P counts were determined.

1.3. Detection of HIV RNA and DNA in Mammalian Cells

PolyA+ RNA was prepared from HUT-78 cells infected
with ARV-2, ARV-3 or ARV-4 (three different isolates from
three different AIDS patients) and from uninfected HUT-78
cells. The polyA+ RNA was electrophoresed on 1% agarose
gels containing 5 mM methyl mercury hydroxide (Bailey et
al. supra), was tranferred to nitrocellulose filters, and hybrid-
ized with the homologous probe prepared as described in
Section 1.2. Hybridizations were carried out in 50%
formamide, 3xSSC at 42° C. Washes were at 50° C. in 0.2x
SSC. A 9 kbp band was present in all three samples of
infected HUT-78 cells. This band was absent in polyA+ from
uninfected cells.

High molecular weight DNA (chromosomal) was pre-
pared from cultures of HUT-78 cells infected with ARV-2
and from non-infected HUT-78 cells following the proce-
dure of Luciw et al. (1984) Molec. & Cell Biol. 4:1260-
1269. The DNA was digested with restriction enzyme(s),
electrophoresed in 1% agarose gels and blotted onto nitro-
cellulose following the procedure described by Southern,
(1975), supra. Blots were hybridized with the **P-labeled
probe (10° cpm/blot) in a mixture containing 50%
formamide, 3xSSC, 10 mM Hepes, pH 7.0, 100 pg/ml dena-
tured carrier DNA, 100 pg/ml yeast RNA and 1xDenhardt’s
for 36 h at 42° C. Filters were washed once at room tempera-
ture in 2xSSC and twice at 42° C. in 0.2xSSC, 0.1% SDS.
Filters were air dried and exposed to X-Omat film using an
intensifying screen.

The homologous **P-probe to ARV-2 hybridized specifi-
cally to two bands in the DNA from infected cells restricted
with Sacl. These bands were absent when DNA of non-
infected cells was used, indicating that the probe is hybridiz-
ing specifically to infected cells presumably to the provirus
integrated in the chromosomal DNA. The molecular weight
of the bands is approximately 5 kb and 3 kb.

In order to determine if different enzymes would cut the
proviral sequence, several other restriction digestions of the
cell DNA were carried out using EcoRI, Sphl or Kpnl or
double digestions using two of them. Southern results show
specific bands hybridizing when DNA of infected cells is
used. FIG. 1 shows a schematic map of the positions of
restriction enzyme sites in the proviral sequence, and indi-
cates fragment sites.

1.4. Cloning of Proviral HIV DNA

High molecular weight cell DNA from infected HUT-78
cells were prepared following the procedure of Luciw et al.,
supra. The DNA was digested with EcoRI, which cuts once
in the provirus, centrifuged in a sucrose gradient and frac-
tions corresponding to 8-15 kb were pooled, dialyzed and
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concentrated by ethanol precipitation. The bacteriophage A
derivative cloning vector, EMBL-4 [Karn et al. (1983) Meth-
ods Enzymol. 101:3-19] was digested to completion with a
mixture of EcoRI, BamHI and Sall restriction enzymes and
the DNA then deproteinized by phenol-chloroform
extraction, precipitated with cold ethanol and resuspended in
ligation bufter. The EMBL-4 phage DNA and EcoRI digest
of cellular DNA were mixed and ligated and the resultant
recombinant phage genomes packaged invitro. After phage
infection of A-sensitive E. coli (DP50supF), about 500,000
phage plaques were transferred onto nitrocellulose filters,
DNA was fixed and the filters were screened with a homolo-
gous **P-probe prepared as described in Section 1.2. Eleven
recombinant phage out of 500,000 phage annealed in the
initial-double-lift screening method (Maniatis et al., supra)
to viral cDNA probe, and these were further plaque-purified
and propagated in large liquid cultures for preparation of
recombinant DNA. Plaque-purified phage containing ARV
DNA were propagated in liquid culture in E. coli DP50supF;
phage particles were harvested and banded in CsCl gradients
and recombinant phage DNA was prepared by phenol
extraction followed by ethanol precipitation (Maniatis et al.,
supra). One microgram of purified phage DNA was digested
with restriction enzymes, electrophoresed on 1% agarose
gels, and visualized with ethidium bromide under ultraviolet
light. The DNA from these gels was transferred to nitrocel-
Iulose and annealed with viral cDNA probe.

Described below is the analysis of the 11 recombinant
phage DNA molecules utilizing restriction enzymes and
viral cDNA probe. Two examples were selected for detailed
description: A-9B contained an insertion of full-length provi-
ral DNA along with flanking cell sequences, and A-7A har-
bored a full-length viral genome permuted with respect to
the EcoRI site. Digestion of A-9B DNA with Sacl yielded
viral DNA fragments of 3.8 kb and 5.7 kb (FIG. 2). EcoRI
digestion of A-9B produced virus containing DNA species at
6.4 kb and 8.0 kb; a double digest of Sacl and EcoRI gave
viral DNA fragments at 3.8 kb and 5.4 kb (FIG. 2). This
pattern is consistent with that of a provirus linked to cell
DNA. The patterns of the digestion with Kpnl and with a
mixture of Kpnl and EcoRI support this conclusion for
A-9B. In particular, digestion of A-9B DNA with Kpnl
showed a 5.2 kb species that represents the internal fragment
seen in proviral DNA (FIGS. 1 and 2). Bacteriophage AARV-
2(9B) was deposited at the ATCC on 25 Jan. 1985 and given
Accession No. 40158. A second recombinant phage, A-10C,
also contained a full-length proviral DNA insertion.

When the DNA of A-7A phage was treated with Sacl, two
viral DNA fragments were observed at 3.8 kb and 6.6 kb
(FIG. 3). EcoRI digestion of A-7A DNA produced a 9.4 kb
viral species, and a digestion with a mixture of EcoRI and
Sacl yielded two viral DNA fragments at 3.8 kb and 5.4 kb
(FIG. 3). Thus, A-7A should represent a recombinant phage
clone containing a full-length linear HIV genome that is
permuted with respect to the EcoRI site. Analyses with Kpnl
support this model. After digestion with Kpnl a DNA frag-
ment at 4.2 kb was observed as well as other DNA species.
See FIG. 3. The data indicated that the 4.2 kb DNA fragment
represents the circle junction and the others represent HIV
DNA linked to cell DNA and bacteriophage vector DNA.
The double digestion with Kpnl and EcoRI left the 4.2 kb
DNA intact and produced two fragments at 1.6 kb and 3.6 kb
(FIG. 3); these three DNA species added up to 9.4 kb and
constituted the HIV genome predicted from a permuted con-
figuration.

In addition to the two types of recombinant phage con-
taining HIV DNA described above, phage was obtained that
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(1) possessed the left half of the viral genome from the
EcoRI site in viral DNA extending into flanking cell DNA
[AARV-2 (8A)] and (2) phage that had the right half of the
viral genome [AARV-2(7D)] from the EcoRI site in viral
DNA extending into flanking cell DNA. The four types of
recombinant phage DNA structures are predicted from the
analysis of viral DNA observed in infected cells. Maps of
restriction enzyme sites are shown in FIGS. 1-3. The data for
these maps were compiled from studies of proviral DNA in
infected cells, from characterization of recombinant phage
DNA, and from preliminary DNA sequence information.
Bacteriophages AARV-2(7D) (right) and AARV-2(8A) (left)
were deposited at the ATCC on Oct. 26, 1984 and given
Accession Nos. 40143 and 40144, respectively.

To validate the cloned HIV DNA, a radioactive probe was
prepared from two regions of the cloned HIV genome that
represent about 70% of the genome and this probe was used
to detect HIV DNA in restriction enzyme digests of DNA
from infected cells. Whole-cell DNA was prepared from
HUT-78 cell cultures infected with HIV-1 strains ARV-2,
ARV-3 and ARV-4, and analyzed by digestion with restric-
tion enzymes as described in Section 1.3. A probe to cloned
ARV-2 DNA was prepared as follows: DNA from recombi-
nant phage A-7A (FIG. 3) was digested with Sacl or with a
mixture of Sacl and Kpnl and digestion products were elec-
trophoresed in 1% agarose gels (low-melting agarose); the
3.8 kb DNA fragment from the digestion with Sacl and the
3.1 kb DNA fragment from the digestion with Sacl and Kpnl
(FIG. 3) were eluted, pooled, denatured by boiling in water
for 2 min, and used as templates with random DNA primers
(calf thymus) with reverse transcriptase.

DNA from HUT-78 cells infected with ARV-2, ARV-3 or
ARV-4 were digested with Sacl, Pstl or HindIIl. Digested
DNA was electrophoresed on 1% agarose gels, blotted onto
nitrocellulose filters and annealed with probe to cloned
ARV-2 DNA or to homologous cDNA probe prepared as
described in Section 1.2. Results shows that Sacl, Pstl, and
HindIII fragments detected by both probes are identical in
all isolates.

1.5. Polymorphism of HIV

To measure the relatedness of independent HIV isolates,
restriction enzyme digests of DNA from HUT-78 cells
infected with ARV-3 and ARV-4 were analyzed with the
probe made from cloned ARV-2 DNA. The Sacl digest of
ARV-3 DNA was similar to that of ARV-2 whereas the Hin-
dIlI digests displayed different patterns. The Sacl digest and
the Pstl digest of ARV-4 DNA differed from the correspond-
ing digests of ARV-2 DNA. The intensity of the annealing
signals obtained with ARV-3 and ARV-4 samples was much
lower (about 10-fold less) than that for ARV-2 DNA, prob-
ably as a result of the fact that fewer cells were infected in
the ARV-3 and ARV-4 cultures. The viral-specific DNA frag-
ments produced by Sacl treatment of ARV-3 and ARV-4
DNA totaled 9.0-9.5 kbp, a value similar to that of ARV-2
and in consonance with the RNA genome sizes.

1.6. Sequencing of Proviral DNA

Fragments or subfragments of ARV-2 DNA were prepared
from the recombinant phages and cloned into M13 accord-
ing to conventional procedures (Maniatis et al., supra).
Sequencing was performed according to Sanger et al.
[(1977) Proc. Natl. Acad. Sci. USA 74:5463], using the uni-
versal M13 primer or chemically synthesized primers
complementary to ARV-2 sequence. The sequence is shown
in FIG. 4. Also indicated in this figure are the restriction sites
present in the DNA and the open reading frames encoded by
the sequence.

The sequence of the HIV-1 DNA from A phage 9B was
sequenced in a similar manner. This sequence is shown in
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FIG. 5. There are several differences between the sequences
shown in FIGS. 4 and 5 which reflect the polymorphism in
HIV and the fact that the sequence of FIG. 4 was derived as a
composite from sequence data on several HIV isolates,
whereas the sequence of FIG. 5 is from a single isolate. The
main difference affecting polypeptide sequence is that the
small open reading frame between the gag and pol genes in
FIG. 4 is not independent, but is part of the pol gene in FIG.
5. This merger of these reading frames was the result of three
base changes. The region of fusion and sequence change
occurs roughly between nucleotides 2853 and 2941 in FIG.
5.

Furthermore, open reading frames in FIG. 4 were trans-
lated into amino acids beginning with the first methionine in
the open reading frame, whereas in FIG. 5 translation into
amino acids was begun immediately with the codon follow-
ing the stop codon.

1.7. Amino Acid Sequences of Native HIV Proteins

ARV-2 was prepared and purified as described in Section
1.1. The viral proteins were electrophoresed on an acryla-
mide gel, and the band corersponding to a 24,000 dalton or
16,000 dalton protein was excised from the gel and used for
sequencing. Micro-sequence analysis was performed using
Applied Biosystems model 470A protein sequencer similar
to that described by Hewick et al. (1981) J. Biol. Chem.
256:7990-7997. Phenylthiohydantoin amino acids were
identified by HPLC using a Beckman Ultrasphere ODS col-
umn and a trifluoroacetic acid-acetonitrile buffer system as
reported by Hawke et al. (1982) Anal. Biochem. 120:308-
311. Table 1 shows the first 20 amino acids from the amino
terminus determined for p25-gag protein and Table 2 shows
the first 30 amino acids for p16-gag protein.

TABLE 1

Amino-terminal sequence of p25gag

Position Amino acid
1 Pro
2 Ile
3 Val
4 Gln
5 Asn
6 Leu
7 Gln
8 Gly
9 Gln
10 Met
11 Val
12 (His)
13 Gln
14 Ala
15 Ile
16 (Ser)
17 Pro
18 (Arg, Lys)
19 Thr
20 (Leu)
TABLE 2
Amino-terminal sequence of pl6gag
Position Amino acid
1 (Met)
2 Gln
3 Arg
4 Gly
5 Asn
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TABLE 2-continued

Amino-terminal sequence of pl 6gag

Position Amino acid
6 Phe
7 Arg
8 Asn
9 Gln
10 Arg
11 Lys
12 Thr
13 Val
14 Lys
15 — (Cys)
16 Phe
17 Asn
18 — (Cys)
19 Gly
20 Lys
21 Glu
22 Gly
23 (His)
24 Ile
25 Ala
26 (Lys)
27 Asn
28 (Gly)
29 (Arg)
30 (Ala, Leu)

The amino acid sequence of Table 1 is predicted by nucle-
otides 1195 to 1255, and from Table 2 by nucleotides 1930
to 2120, from the ARV-2 DNA sequence (indicated by bars
in FIG. 4). Therefore, these results confirm that the indicated
gag open reading frame is in fact being translated and iden-
tifies the N-termini of p25 and p16.

2. Expression of HIV Polypeptides in Mammalian Cells
2.1. Expression of env Peptide

2.1.1. Mammalian Expression Vector pSV-7¢

Plasmid pSV-7c contains the SV40 early promoter, origin
of replication and polyA processing signal, and was con-
structed as described below.

A 400 bp BamHI-HindIII fragment containing the SV40
origin of replication and early promoter was obtained by
digestion of plasmid pSVgtl (P. Berg, Stanford University,
Palo Alto, Calif.) and purification through gel electrophore-
sis. A second 240 bp SV40 fragment containing SV40 poly A
addition sites was obtained by digestion of pSV2/dhfr
[Subramani et al. (1981) J. Mol. Cell. Biol. 1:854-864] with
Bell and BamHI, and gel purification. Both fragments were
fused together through a linker which provided for a HindIII
overhang in the 5'-end, a Bcll overhang in the 3'-end, three
general restriction sites and three successive stop codons in
all three reading frames. The sequence of the polylinker was
the following:

Stop Codons
1 2 3
5'-AGCTAGATCTCCCGGGTCTAGATAAGTAAT -3
TCTAGAGGGCCCAGATCTATTCATTACTAG
BglII Smal Xbal BclI overhang

HindIII

The about 670 bp fragment, containing SV40 origin or
replication, SV40 early promoter, polylinker with stop
codons and SV40 polyadenylation site, was cloned into the
BamHI site of pML [Lusky & Botchan, (1984) Cell 36:391],
a pBR322 derivative with an about 2.5 kbp deletion, to yield
pSV-6. To eliminate the EcoRI and EcoRV sites present in
pML sequences of pSV-6, this plasmid was digested with
EcoRI and EcoRYV, treated with Bal31 nuclease to remove
about 200 bp per end, religated and cloned to yield pSV-7a.
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The Bal31 resection also eliminated one BamHI restriction
site flanking the SV40 region approximately 200 bp away
from the EcoRV site. To further eliminate the other BamHI
site flanking the Sv40 region, pSV-7a was digested with
Nrul, which cuts in the SV40 sequence, and Pvull, which
cuts in the pML sequence upstream from the origin of repli-
cation. The plasmid was recircularized by blunt end ligation
and cloned to yield pSV-7b. To increase the number of clon-
ing sites of pSV-7b, a new polylinker was cloned into the
plasmid to replace the previous one but the stop codons in
the three frames were still retained. For this purpose, pSV-7b
was digested with Stul and Xbal, and a linker of the follow-
ing sequence was ligated to the vector to yield pSV-7c.

BglII EcoRI Smal KpnI Xbal
5'-AGATCTCGAATTCCCCGGGGGTACCT -3
TCTAGAGCTTAAGGGGCCCCCATGGAGATC

2.1.2. Transformation of Cells with Env Sequences

The HIV DNA coding for the env region was excised from
a recombinant phage AARV-2(7D) [A7D] which contains the
right half of the provirus by digestion with Kpnl and EcoRI
and gel purification of about 3300 bp fragment. This frag-
ment was cloned into plasmid pSV-7c¢ as shown in FIG. 6.
The recombinant vector (pSV7c/env) was used to transfer
Cos cells [Mellon et al. (1981) Cell 27:279] following the
procedure of van der Eb & Graham [(1980) Methods in
Enzymology 65:826-839] as modified by Parker and Stark
[(1979) 1. Virol. 31:360369], in 60 mm plastic dishes (5x10°
cells per dish). Thirty-six hours later the cells were trans-
ferred to glass microscope slides and cultured for another 24
h (5x10* cells per chamber in a 4-chamber Titer-tek slide).
The cell sheet was rinsed in PBS and fixed by dipping in cold
acetone for 5 sec.

2.1.3. Detecting Expression Via Immunoflorescence

The fixed-cell monolayers in each chamber were incu-
bated with AIDS patient sera (Reference serum EW511
obtained from Dr. Paul Feorino, Center for Disease Control)
and with control normal human sera. Both sera were diluted
1/100 in PBS and 50 microliters were applied per chamber,
incubated for 1 hr at 37° C., and rinsed by dipping in PBS.
Fluoresceinated goat anti-human antisera (Cappel Labs) was
diluted 1/100 in PBS and 50 microliters were applied to each
chamber and incubated for 30 min at 37° C. After washing in
PBS, 75% glycerol in PBS was added to the cell sheets, a
coverslip was placed on top, and the cells were observed in a
fluorescence microscope. About five cells in 100 showed
bright immunofiuorescence with the AIDS sera. No cells
stained with control normal human sera. Cells transfected
with a control plasmid containing only SV40 vector
sequences did not show any immunofluorescence with any
antisera. Thus, the EcoRI-Kpnl ARV-2 DNA fragment
encodes a gene that can be expressed in mammalian cells
and the expression product detected specifically by AIDS
patient sera.
2.2. Expression of qp160env

2.2.1. Mammalian Expression Vector pSV7d

pSV7c¢ and pSV7d represent successive polylinker
replacements. The polylinker in pSV7c was digested with
Bglll and Xbal, and then ligated with the following linker to
yield pSV7d:

BglII EcoRI Smal Xbal BamHI SalIl
5'-GATCTCGAATTCCCCGGGTCTAGAGGATCCGTCGAC
AGCTTAAGGGGCCCAGATCTCCTAGGCACGTGGATC

2.2.2. Expression of tPA/qp160
In order to achieve optimal secretion of gp160 from mam-
malian tissue culture cells, the 5' end of the coding sequence
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was modified to accept a heterologous signal sequence
known to direct efficient secretion of both the homologous
gene (human tissue plasminogen activator) and deletion
variants of this gene. van Zonnefeld et al. (1986) Proc. Natl.
Acad. Sci. USA 83:4670.

A portion of the HIV env gene was excised with Sacl and
Stul (positions 5555 and 6395) and was subcloned into the
vector M13mp19 [Yanisch-Perron et al. (1985) Gene
33:103-109] between Sacl and Smal. Oligonucleotide-
directed mutagenesis [Zoller et al. (1983) Methods in Enzy-
mology 100:468-500] was used to create an Nhel site at the
junction of the natural signal peptide and the mature enve-
lope polypeptide using the following oligonucleotide.

5'-GATGATCTGTTCAGCTAGCGAAAAATTGTGG-3'

This mutagenesis changes cytosine-5867 to guanine and
adenine-5868 to cytosine, thereby creating an Nhel site and
altering the codon for threonine-30 to code for serine.

In parallel, the tPA gene was likewise mutagenized in
M13 to place an Nhel site near the carboxyl end of the tPA
signal peptide. The following sequences show the 5' UT
sequences and signal for wild type tPA leader and for the
Nhel variant.

Wild-type sequence of the tPA signal:

5' untranslated sequences
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From this M13 subclone, M13tpaS.Nhelenv, the DNA
fragment containing the heterologous signal and 5' untrans-
lated sequences fused to the 5' end of the env gene was
excised using the Xbal site from the M13 polylinker and the
unique Ndel site found at position 5954 in the env gene. This
268 bp fragment was ligated with a 2506 bp Ndel-Xhol
fragment, encoding the remainder of the env gene, from
Ndel at position 5954 through the stop codon at position
8344, and 116-additional bases to the Xhol site at position
8460 and at the same time with vector pSV7d cleaved with
Xbal and Sall in order to generate a fully functional gp160
gene in the proper orientation for expression from the SV40
early promoter. This expression plasmid, called
pSV7dARV160tpa, was used to transfect COS 7 cells as
described by Sompayrac et al. (1981) Proc. Natl. Acad. Sci.
USA 78:7575. Transfected cells were assayed for gpl60
expression by immunofluorescence as described in Section
2.1.3 above. Approximately 5% of the cells showed bright
fluorescence when exposed to the HIV infected human sera,
and no cells stained with normal human serum. Positive sera
employed were obtained from the Interstate Blood Bank.

Permanent cell lines were obtained by transfection of
CHO cells lacking dihydrofolate reductase (dhfr). CHO

AGAGCTGAGATCCTACAGGAGTCCAGGGCTGGAGAGAAAACCTCTGCGAGGAAAGGGAAGGA

GCAAGCCGTGAATTTAAGGGACGCTGTGAAGCAATCATGGATGCAATGAAGAGAGGGCTC
MetAspAlaMetLysArgGlyLeu

TGCTGTGTGCTGCTGCTGTGTGGAGCAGTCTTCGTTTCGCCCAGCCAGGAAATCCATGCC
CysCysValLeuLeuLeuCysGlyAlaValPheValSerProSerGlnGlulleHisAla

mature tPA
CGATTCAGAAGAGGAGCCAGA TCTTACCAAGTG
ArgPheArgArgGlyAlaArg SerTyrGlnval

The Nhel variant of the tPA signal:

5' untranslated sequences

dhfr~ cells [Urlaub et al. (1980) Proc. Natl. Acad. Sci. USA

AGAGCTGAGATCCTACAGGAGTCCAGGGCTGGAGAGAAAACCTCTGCGAGGAAAGGGAAGGA

GCAAGCCGTGAATTTAAGGGACGCTGTGAAGCAATCATGGATGCAATGAAGAGAGGGCTC
MetAspAlaMetLysArgGlyLeu

TGCTGTGTGCTGCTGCTGTGTGGAGCAGTCTTCGTTTCGCCCAGCGCTAGC
CysCysValLeuLeuLeuCysGlyAlaValPheValSerProSerAlaSer

Following mutagenesis and sequence verification, a 174
bp fragment containing 99 bp of 5' untranslated sequence
and the signal sequence from tPA was excised from the tPA-
containing M13 clone using Sal and Nhel and fused to the
559 bp fragment containing the 5' end of the env gene which
was excised from the env-containing M13 clone with Nhel
and HindIII (contributed by the M13 polylinker) and these
fragments were subcloned into M13 mp18 between Sall and
HindIII. This plasmid is called M13tpaS.Nhelenv.

The DNA and amino acid sequences of the tPA signal
fused to the 5' end of gp160 is:

. tPA signal . . . 5869

Nhel

50

55

(amino acid 31 of env)
Phe Val Ser Pro Ser Ala Ser Glu Lys Leu Trp Val Thr Val
TTC GTT TCG CCC AGC GCT AGC GAA AAA TTG TGG GTC ACA GTT

77:4216] were plated at a density of 5x10° to 10° cells per 10
cm dish the day prior to transfection in nutrient medium
(F12 supplemented with 1.18 mg/ml Na,CO;, 292 ug/ml
glutamine, 110 ug/ml sodium pyruvate, 100 U/ml penicillin,
100 U/ml streptomycin, 150 ug/ml proline and 10% fetal
calf serum). Cells were transfected using the calcium phos-
phate coprecipitation method described by Graham et al.
(1973) Virology 52:456-467 with the gpl60 expression
plasmid, pSV7dARV160tpa; a plasmid bearing as a select-
able marker, a dhfr gene driven by the adenovirus major late
promoter, pAD-dhfr; and a plasmid bearing the human tissue
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plasminogen activator gene driven by the SV40 early
promoter, pSV7tpa3, to serve as an easily screened gene
marker. Plasmid pSV7tpa3 is a mammalian cell expression
vector containing the full length tpa ¢cDNA (with 99 bp &'
untranslated sequences) cloned into the Sall site of pSV7d,
with the orientation such that the proper reading frame is
transcribed from the SV40 early promoter.

Samples were added to the dishes of cells fed with fresh
medium and allowed to settle for 6 h in an incubator (5%
CO,, 95% air) at 37° C. Six hours later, the supernatants
were aspirated, the cells rinsed gently with calcium and
magnesium-free phosphate butfered saline (PBS-CMF), and
the dishes exposed to 15% glycerol in HEPES-buffered
saline as an adjuvant for 3.5 to 4 min. After rinsing, the
medium on the cells was replaced with fresh F12 as
described. Forty-eight hours after the addition of DNA to the
cells, the cells were trypsinized and split 1:20 into selective
medium, Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with 4.5 mg/ml glucose, 3.7 mg/ml Na,CO;,
292 ug/ml glutamine, 110 ug/ml sodium pyruvate, 100 U/ml
penicillin, 100 U/ml streptomycin, 150 ug/ml proline, and
10% dialyzed fetal calf serum. After growth in selective
medium for 1-2 weeks, colonies appeared. These colonies
were assayed for production of tPA by the casein-
plasminogen-agar overlay assay. Granelli-Piperno et al.
(1978) J. Exp. Med. 148:223-234. Individual clones were
transferred to microwell plates and expanded to 175 flasks.
Twenty-four cell lines that were the highest tPA producers
were screened by immunofluorescence for gp160 expression
as described for COS cells above and in Section 2.1.3. Of
these, seven lines fluoresced brightly when reacted with
HIV-positive serum. These seven gp160-positive lines were
pooled by mixing equal numbers of each cell line and plating
in 10 cm dishes at a cell density of 1x10° cells per dish.
Replicate dishes were fed with DMEM supplemented as
described above with the addition of varying amounts of
methotrexate (amethopterin, Sigma): 0.01, 0.02, 0.05, 0.1
and 0.2 micromolar. After growth in the amplification
medium containing methotrexate for 2 to 3 weeks, colonies
appeared on the 0.1 and 0.2 micromolar methotrexate dishes.
These colonies were transferred to microwell plates and
expanded to T75 flasks.

Clones were screened and scored for increased tPA pro-
duction. Lysates of the cells were prepared in order to exam-
ine any gp160 expressed and found in the cell membranes, as
is found in HIV infected human lymphocytic lines. Lysates
were prepared from cell monolayers by rinsing in cold PBS-
CMF and adding lysis bufter consisting of 100 mM NacCl, 20
mM Tris pH 7.5, 1 mM EDTA, 0.5% NP40, 0.5% sodium
deoxycholate, 1% BSA, 1 ug/ml pepstatin, 1 mM PMSF, and
17 ug/ml aprotinin. Lysates were collected, incubated on ice
for 10 min with occasional vortexing, spun 5 min at 14000xg
in a microcentrifuge, and supernatants transferred to new
tubes for storage at —=70° C. These samples were assayed by
an ELISA specific for envH derived from yeast (see Sections
4.1.2 and 4.1.5).

Immunoblot analysis was done by standard Western trans-
fer of proteins from 8% denaturing gels [Laemmli (1970)
Nature 227:680-685] and analysis with human immune sera
or mouse monoclonal antibodies raised against yeast-
expressed envH and env-2 (see Sections 4.1.2 and 4.1.5).
The blocking solution is 0.3% Tween-20, 2% normal goat
serum in phosphate buffered saline, and all incubations and
washes were done in this solution. The human imune sera
(Interstate Blood Bank) were diluted 1:100, and Tago goat
anti-human horse radish peroxidase (HRP) conjugate was
diluted 1:250. Development was with 4-chloro-1-napthol
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(BioRad). Mouse monoclonal antibody 98B3 [Stephans et
al., in Viruses and Human Cancer, pp. 29-41 (R. C. Gallo et
al., eds., 1987)] was used undiluted as ascites fluid or diluted
to 50 ug/ml from a stock of ammonium sulfate purified 1 g.
Goat anti-mouse HRP conjugate (Tago) was diluted 1:200.

ELISA analysis was done using the cellular lysates. Plates
were coated with mouse monoclonal I1gM antibody 95C9
[Stephens et al., supra] at a concentration of 250 ng per 100
microliters per well in PBS. After 2 h at 37° C. or overnight
at 4° C., the plates were washed 6 times in wash buffer
(0.137 M NaC(l, 0.05% Triton X-100) and the samples added
to the wells in casein diluent (100 mM sodium phosphate,
0.1% casein, 1 mM EDTA, 1% Triton X-100, 0.5 M NaCl,
0.01% thimerosol pH7.5), and plates were incubated over-
night at 4° C. and 4 h at 37. Samples were aspirated, then
plates were washed 6 times as above. Rabbit anti-env-2
polyclonal serum [Barr et al. (1987) Vaccine 5:90-101] is
diluted 1:100 in the diluent above and added to the plates
(100 microliters per well). Plates were incubated for 1 h at
37° C., and then aspirated and washed as described above.
Goat anti-rabbit HRP conjugate (Tago) was diluted 1:1000
in the diluent buffer, and 100 microliters were added to each
well. Plates were incubated 1 h at 37. Samples were aspi-
rated and the plates were washed as described above. Plates
were developed with ABTS color reagent and H,O, for 30
min at 37. ABTS was dissolved in citrate buffer and 100
microliters per well were added to the plate. The reaction
was stopped by adding 50 ul per well 10% SDS, and the
plates were read at 415 nm, 600 nm reference beam. Env-2
was used as a standard using serial 2-fold dilutions starting
with 100 ng/ml to 11 places.

Six CHO clones positive by the ELISA assay were ampli-
fied in a pool in methotrexate as described above, except that
after isolation of colonies from the first round of
amplification, cells were again pooled and set up for a con-
secutive round of amplification.

For the first round, methotrexate levels were 0.25, 0.5,
0.75, 1.0, 1.25, and 1.75 micromolar. Colonies from the 0.5
and 0.75 micromolar dishes were pooled and set up in 0.75,
1.0, 2.0, 3.0, 4.0, and 5 micromolar. Clones were isolated
from 3, 4, and 5 micromolar levels, expanded and assayed
for gp160 production by the ELISA. Increases in expression
were observed for these clones as compared to the clones
grown in 0.1 and 0.2 micromolar methotrexate, and this
expression level represents an improvement over the levels
of' gp160 in HIV-infected HUT cells.

2.3 Expression of qp120env

2.3.1. Expression of Engineered gp120 in pS7Vd

In order to express a secreted form of the envelope
polypeptide in mammalian cells, the env gene was modified
by invitro mutagenesis to eliminate any potential transmem-
brane domains and to provide a stop codon following the
processing site between the gp120 and gp41 domains of the
gp160 protein. This mutagenesis was accomplished by sub-
cloning the fragment which encodes the env gene from clone
pSV7c/env (Section 2.1.2.) by excising with HindIII and
Xhol (positions 5582 to 8460) and inserting the 2.8 kb frag-
ment into M13 mp19 previously digested with HindIII and
Sall. A 37 bp oligonucleotide of the following sequence was
used to alter the sequence at the gp120/gp41 processing site
at position 7306 to encode 2 stop codons and two restriction
endonuclease sites.

5'-GAACATAGCTGTCGACAAGCTTCAT-
CATCTTTTTTCT-3'

The sequence of the wild-type gene and the mutant are
shown below:
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7318

7317
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Wildtypesequence:
Processing site

Position: 7288 7294 7300
Amino acid: Val Gln Arg Glu Lys Arg Ala Val Gly Ile Val
DNA: GTG CAG AGA GAA AAA AGA UCA GTG GGA ATA GTA
gpl20mutant:
Position: 7288 7294 7300 7306
Amino acid: Val Gln Arg Glu Lys Arg OP OP
DNA: GTG CAG ACA GAA AAA AGA TGA TGA AGC TTG TCG AC

Restriction site:

Following mutagenesis, the gene was engineered for opti-
mal secretion into the medium utilizing the same procedure
that was used for gpl160. The 268 bp Xbal-Ndel fragment
containing the heterologous 5' untranslated sequences and
signal sequences from human tPA fused to the 5' end of env
was excised from the M13 clone M13tpaS.Nhelenv
described in Section 2.2.2. This fragment was ligated with a
1363 bp Ndel-Sall fragment encoding the remainder of the
gpl20 coding region which was isolated from the gp120
mutant (positions 5954 and 7317) described above, and both
fragments were inserted into the vector pSV7d previously
digested with Xbal and Sall.

This plasmid, pSV7dARV120tpa, has a gene encoding
gpl20 that ends precisely at the processing site between
gpl20 and gp41, Arginine-509, expressed from the SV40
early promoter. Plasmid pSV7dARV120 was used to trans-
fect COS7 cells as described in Section 2.2.2. Transfected
cells were assayed for expression and secretion of gpl120
into the culture medium by immunoblot analysis of condi-
tioned cell medium from the transfected cells. Immunoblot
analysis was done using both HIV-positive human serum and
mouse monoclonal antibodies described in Section 2.2.2.
Using both antibody sources, the gpl20 transfected cells
secreted into the medium a polypeptide of the size of gp120
that reacted with these immunological reagents, while mock
transfected or pSV7dARV160tpa transfected COS cell
supernatants showed no such polypeptide. These results are
consistent with the production of authentic gp120 in COS
cells.

2.3.2. Expression of gp120env Using CMV IE-1 Promoter

In an effort to improve the expression of gp120 in COS
and other mammalian cell types, the gp120 coding region
was excised from pSV7dARV120tpa using Sall and inserted
into the unique Sall site of the CMV IE-1 expression vector
pCMV6a (described below) and screened for insertion in the
proper orientation for expression from the CMV IE-1 pro-
moter. The resulting plasmid, pPCMV6ARV120tpa, was used
to transfect COS 7 cells as described in Sections 2.2.2. and
2.3.1. The conditioned cell medium from the transfected
cells was assayed by immunoblot and by ELISA, as
described in Sections 2.2.2. and 2.3.1. The
CMV6ARV120tpa-transfected cells expressed gp120 at lev-
els of 60-250 ng/ml and the pSV7ARV120tpa-transfected
cells expressed less than 0.5 ng/ml. These results indicate a
significant increase in expression of the gp120 polypeptide
using the CMV expression plasmid relative to the SV40
expression plasmid described in Section 2.3.1. 50 to 100-
fold in magnitude as measured by the ELISA.

Plasmid pCMV6a is a mammalian cell expression vector
which contains the transcriptional regulatory region from
human cytomegalovirus immediate early region. HCMV
IE1. The plasmid contains the SV40 polyadenylation region
derived from pSV7d (Section 2.2.1.) as a 700 bp Pvul-Sall
fragment; the SV40 origin of replication derived from
pSVT2 [Meyers et al. (1981) Cell 25:373-384; Rio et al.
(1983) Cell 32:1227-1240] as a 1.4 kb Pvul-EcoRI (filled in
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HindIII SalIl

with Klenow fragment); and the HCMV IE1 promoter as a
1.7 kbp Sspl-Sall fragment derived from a subclone of the
human cytomegalovirus (Towne strain). The HCMV IE1
promoter region contains the region encoding the first exon
(5' untranslated), the first intron and the start of the second
exon (where the Sall site was created by invitro
mutagenesis). The map of pCMV6a is shown in FIG. 29.
2.4. Expression of gag Peptides

The ARV-2 DNA coding for the gag region was excised
from a recombinant phage (7A; FIG. 3) by digestion with
Kpnl and Sacl and gel purification of a fragment of about
3200 bp. This gag containing fragment was cloned into Kpnl
and Sacl digested pSV-7c/envAES (described below) to
yield pSV-7c/gag. The recombinant vector was used to trans-
fect Cos cells. Expression of gag protein was detected as
previously described for the env protein (Section 2.1). About
5 percent of the cells transfected with SV40 vector contain-
ing the ARV-2 gag fragment showed bright immunofluores-
cence when incubated with the AIDS sera and a second fluo-
resceinated goat anti-human antisera. Cells transfected with
a control plasmid containing only SV40 vector sequences
did not show any immunofluorescence with any antisera.

Plasmid pSV-7c/envAES was constructed as follows:
Plasmid pSV-7c/env (described in section 2.1.2) was
digested with EcoRI and Sacl. A linker of the following
sequence, which regenerates both the EcoRI and Sacl sites
and provides for a BamHI site between them was ligated to
the linearized vector.

AATTCGGATCCGAGCT
GCCGAGGC

EcoRI BamHI Sacl

This vector was digested with Kpnl and Sacl, the fragment
corresponding to linearized plasmid was purified by gel
electrophoresis and ligated to the 3200 bp Kpnl-Sacl frag-
ment containing the gag region.

2.5 Expression of gag-env Fusion Protein

A mammalian cell expression vector containing a fused
sequence of nt 225 to nt 1650 encoding for a gag region and
nt 5957 to nt 8582 for an env region (FIG. 5) was constructed
as follows. Plasmid pSV-7c/gag (described in Section 2.4)
was digested with Bglll. The overhangs were filled in with
reverse transcriptase, and the resulting two fragments were
subsequently digested with Sacl. The 1390 Sacl-Bglll bp
fragment coding for gag was purified by gel electrophoresis
and cloned into pSV-7c/env (Section 2.1.2) prepared as fol-
lows.

Vector pSV-7c/env was digested with Ndel which cuts 59
codons downstream from the N-terminal ATG of env. Ends
were filled in with reverse transcriptase and the linearized
vector was digested with Sacl. The Sacl-Ndel vector frag-
ment was purified by gel electrophoresis and ligated to the
gag fragment obtained as indicated above. The ligation mix-
ture was used to transform HB101, and plasmid pSV-7¢/
gagAenv was thus obtained.
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Plasmid pSV-7c/gagAenv was used to transform Cos cells
using the procedure described in Section 2.1.2 above.
Expression was detected by immunofluorescence using an
AIDS patient serum and following the procedure described
previously (Section 2.1.3). About 5 cells in 100 showed
bright immunofluorescence with the immune serum. No
cells stained with control normal human serum.

3. Expression of p25gag
3.1. Expression of p25gag

3.1.1. Host-Vector System

The p25gag protein is synthesized by E. coli strain D1210
transformed with plasmid pGAG25-10. Plasmid pGAG25-
10 is a pBR322 derivative which contains the sequence cod-
ing for p25gag under transcriptional control of a hybrid tac
promoter [De Boer et al. (1983) Proc. Natl. Acad. Sci. USA
80:21-25] derived from sequences of the trp and the lac UV5
promoters. Expression of p25gag is induced in bacterial
transformants with isopropylthiogalactoside (IPTG).

E. coli D1210, a lac-repressor overproducing strain, car-
ries the lacl? and lacY™ alleles on the chromosome but oth-
erwise is identical to E. coli HB101 (F~ lacI™, lacO*, lacZ™,
lacY™, gal™, pro™, leu™, thi~, end”, hsm™, hsr™, recA™, rpsL.7)
from which it was derived.

3.1.2. Construction of pGAG25-10.

Plasmid pGAG25-0.10 was constructed by cloning a 699
bp DNA fragment coding for p25gag into plasmid ptac5,
according to the scheme shown in FIG. 7. The vector ptac5 is
a pBR322 derivative which contains the tac promoter, Shine
Delgarno sequences, and a polylinker as a substitution of the
original pBR322 sequences comprised between the EcoRI
and Pvull restriction sites.

The 699 bp DNA fragment codes for the complete p25gag
protein (amino acid residues 136 to 365 as numbered in FIG.
5), the only difference being that a methionine was added as
the first amino acid in pGAG25-10 to allow for translational
initiation. This change, as well as other changes in nucle-
otide sequence as indicated below, were achieved by using
chemical synthesis of parts of the DNA fragment. The DNA
fragment also includes two stop codons at the 3' end of the
sequence.

FIG. 8 shows the nucleotide sequence cloned in pGAG25-
10 and the amino acid sequence derived from it. DNA
sequences that are not underlined in the figure were derived
directly from the AARV-2(9B) DNA. All other sequences
were chemically synthesized or derived from vector ptac5.
Changes were introduced in this DNA sequence, with
respect to the original DNA, to create or delete restriction
sites, to add a methionine prior to the isoleucine (second
residue of p25) or to include stop codons after the last codon
of p25gag. However, as previously indicated, all changes in
the DNA sequence, except those in the first codon, do not
alter the amino acid sequence of p25gag.

3.1.3. Transformation and Expression of gag Peptide

E. coli D1210 cells are made competent for transforma-
tion following a standard protocol [ Cohen et al. (1982) Proc.
Natl. Acad. Sci. USA 69:2110]. Transformation is per-
formed as indicated in the protocol with 25-50 ng of
pGAG25-10. The transformation mix is plated on agar plates
made in L-Broth containing 100 ng/ml ampicillin. Plates are
incubated for 12 h at 37° C.

Single ampicillin resistant colonies are transferred into 1
ml L-Broth containing 100 pg/ml ampicillin and grown at
37° C. Expression of p25gag protein is induced by adding 10
ul of 100 mM IPTG (Sigma) to a final concentration of 1
mM followed by incubation at 37° C. for 2 h.

Cells from 1 ml of induced cultures are pelleted and resus-
pended in 100 pl Laemmli sample buffer. After 3 cycles of
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boiling and freezing, portions of resultant lysates are ana-
lyzed on standard denaturing acrylamide gels. Proteins are
visualized by staining with Coomassie blue.

The extent of expression is initially determined by appear-
ance of new protein bands for induced candidate samples
compared with control. Proteins of molecular weights
expected for the genes expressed comprised 2%-5% of total
cell protein in the highest expressing recombinants as deter-
mined by visual inspection with reference to a standard pro-
tein of known amount.

Authenticity of the expressed proteins is determined by
standard Western transfer of proteins to nitrocellulose and
analysis with appropriate human or rabbit immune sera or
mouse monoclonal antibodies or by comparing ELISA
assays of purified recombinant and natural proteins using
human immune sera from AIDS patients (see Section 3.1.6).

3.1.4. Fermentation Process

3.1.4.1. Preparation of Master Seed Stock

Transformant cells from a culture expressing high levels
(3%) of p25gag are streaked onto an L.-Broth plate contain-
ing 100 pg/ml ampicillin and the plate is incubated overnight
at37° C. A single colony is inoculated into 10 ml of L-Broth,
100 pg/ml ampicillin and grown overnight at 37° C. An ali-
quot is used to verify plasmid structure by restriction map-
ping with Sall and Pstl. A second aliquot is used to induce
expression of p25gag and the rest of the culture is made 15%
glycerol by adding %4 volume of 75% sterile glycerol. Glyc-
erol cell stocks are aliquoted in 1 ml and quickly frozen in
liquid nitrogen or dry-ice ethanol bath. These master seed
stocks are stored at -70° C.

3.1.4.2. Fermenter Inoculum

The master seed stock is scraped with a sterile applicator
which is used to streak an L-Broth plate containing 100
pg/ml ampicillin. Single colonies from this plate are used to
inoculate 20-50 ml of L-Broth/amp, which is incubated at
37° C. overnight.

An aliquot of the overnight culture is used to inoculate
larger volumes (1-6 liters) of L-Broth/amp. Cells are incu-
bated at 37° C. overnight and reach an O.D.4s, of approxi-
mately 5 prior to use as inoculum for the fermenter run.

3.1.4.3. Fermentation and Harvest

Fermenters (capacity: 16 liters) containing 101 of L-Broth
and 1 ml of antifoam are inoculated with 100-500 ml from
the inoculum culture. Cells are grown at 37° C. to an O.D. of
about 1. Expression of p25gag is induced by addition of 100
ml of an IPTG solution (100 mM) to yield a 1 mM final
concentration in the fermenter. Cells are grown for 3 addi-
tional hours and subsequently harvested using continuous
flow centrifugation. At this step cells may be frozen and kept
at -20° C. until purification of p25gag proceeds.
Alternatively, 2501 fermenters are inoculated with 1-5 1 from
the inoculum culture. Growth, induction, and harvest are as
indicated before.

3.1.5. Purification of p25gag

Frozen E. coli cells are thawed and suspended in 2.5 vol-
umes of lysis buffer (0.1 M sodium phosphate (NaPi), pH
7.5, 1 mM EDTA, 0.1 M NaCl). Cells are broken in a non-
continuous system using a 300 ml glass unit of a Dyno-mill
at 3000 rpm and 140 ml of acid-washed glass beads for 15
min. The jacketed chamber is kept cool by a =20° C. ethyl-
ene glycol solution. Broken cells are centrifuged at
27,000xg for 25 minutes to remove debris and glass beads.
The supernatant is recovered and kept at 4° C.

The cell extract is made 30% (NH,),SO, by slowly add-
ing the ammonium sulfate at 4° C. The extract is stirred for
10 min after the final concentration is achieved, followed by
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contrifugation at 27,000xg for 20 min. The pellet is resus-
pended in 1 M NaCl, 1 mM EDTA, 1% Triton X-100, and
5% SDS, and then boiled for 5 min.

The fraction obtained by selective precipitation is submit-
ted to gel filtration using a G50 Sephadex column equili-
brated in 0.03 M NaPi, pH 6.8. Chromatography is devel-
oped in the same solution. Fractions are collected and
absorbance at 280 nm is determined. Protein-containing
fractions are pooled and characterized by protein gel
electrophoresis, Western analysis, and ELISA.

3.1.6. Characterization of Recombinant p25gag

3.1.6.1. Protein Gel Electrophoresis

SDS-polyacrylamide gel analysis (10%-20% gradient
gels) of proteins from pGAG25-containing cells and control
cells indicated that varying levels of a protein of a molecular
weight of about 25,000 were specifically induced in cells
containing p25gag expression plasmids after derepression of
the tacl promoter with IPTG. Identity of the p25gag gene
product was confirmed by both an enzyme-linked immun-
osorbent assay (ELISA; see Section 3.1.6.3) and Western
immunoblot analysis (see Section 3.1.6.2) using both AIDS
patient serum and a monoclonal antibody to viral p25gag.

3.1.6.2. Western Analysis

Samples were electrophoresed under denaturing condi-
tions on a 10%-20% polyacrylamide gradient gel. Samples
were electroblotted onto nitrocellulose. The nitrocellulose
paper was washed with a 1:250 dilution of AIDS patient
reference serum (EW5111, obtained from P. Feorino; Cen-
ters for Disease Control, Atlanta, Ga.) and then with a 1:500
dilution of HRP-conjugated goat antiserum to human immu-
noglobulin (Cappel, No. 3201-0081). Alternatively, the
nitrocellulose was washed with undiluted culture superna-
tant from 76C, a murine monoclonal antibody to HIV-1
p25gag, and then with a 1:500 dilution of HRP-conjugated
goat anti-serum to mouse immunoglobulin (TAGO, No.
6450). The substrate for immunoblots was HRP color devel-
opment reagent containing 4-chloro-1-naphthol.

The p25gag protein reacted with both AIDS patient refer-
ence serum and with the monoclonal antibody, while it
shows no reactivity with the non-immune serum.

3.1.6.3. ELISA Comparison of Recombinant and Native
p25gag

The reactivity of sera with the purified p25gag
(recombinant and native) was assayed by coating wells of
microtiter plates with 0.25 ng/ml of purified antigen, adding
dilutions of test sera, followed by a 1:1000 dilution of HRP-
conjugated goat antiserum to human immunoglobulin.
Finally, the wells received substrate solution (150 pg/ml 2,2'-
azino-di-[3-ethylbenzyl-thiazoline sulfonic acid], 0.001%
H,0,, 0.1 M citrate pH 4). The reaction was stopped after
incubation for 30 min at 37° C. by the addition of 50 pl/well
of 10% SDS. The absorbance was read on a Flow Titertech
ELISA reader at 414 nm. Samples were assayed in duplicate
beginning at a dilution of 1:100 and by serial 2-fold dilutions
thereafter.

As an example, a single sample of HIV antibody-positive
serum and normal human serum were each titrated on both
recombinant and native p25gag. The antibody-positive
serum reacted equally with viral and recombinant antigen.
There was no reaction seen with serum from a normal indi-
vidual.

The reactivity of purified recombinant p25gag to various
sera was then compared to that of natural p25gag protein
purified by preparative polyacrylamide gel electrophoresis
in an ELISA assay. For comparisons, assays were also done
using disrupted gradient purified virus (5 pg/ml) as antigen.
The table below summarizes the results of assays on 8 AIDS
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sera that scored positive in the assay with disrupted virus and
6 normal sera that were negative in the disrupted virus assay.

ELISA ASSAY TITER?
SERUM
NUMBER Disrupted Virus Recomb. p25gag Viral p25gag
Group I: Sera Scoring As Positive in Virus ELISA®
1 51,200 3,125 3,125
5 12,800 25 25
6 12,800 625 625
7 12,800 3,125 3,125
8 25,600 15,625 15,625
9 12,800 625 625
13 800 125 125
18 3,200 625 625
Group II: Sera Scoring Negative in Virus ELISA®
15 — — —
16 — — —
19 — — —
21 — — —
26 — — —
33 — — —

*Reported as the reciprocal of the serum dilution that gave a signal equiva-
lent to 50% of the maximum.
PResults were confirmed by immunofluorescence and immunoblotting as

described previously.
°No detectable signal at a 1:25 serum dilution.

These results show that p25gag purified from bacteria
behaves identically to similarly purified p25gag from AIDS
virus in an ELISA of the eight AIDS patient sera. The results
of'the ELISA show that there is a wide variation in the levels
of anti-p25gag antibodies and suggests that antibodies to
some virus-encoded proteins may not be detected using con-
ventional virus-based assay systems.

3.2. Expression of P16gag

The sequence shown in FIG. 10 and coding for the pl16gag
protein was chemically synthesized [Warner et al. (1984)
DNA 3:401] using yeast-preferred codons. The blunt-end to
Sall fragment (381 bp) was cloned into Pvull-Sall digested
and gel-isolated ptac5 (see Section 3.1). The resulting
plasmid, pGAG16, was used to transform E. coli D1210
cells, as in Section 3.1.3. Expression was induced with
IPTG, and proteins were analyzed by polyacrylamide gel
electrophoresis and Western analysis. A band of about
16,000 daltons was induced by IPTG in the transformed
cells. This protein showed reactivity in Western blots with
immune sera from AIDS patients. No reactivity was
observed with sera from normal individuals.

3.3 Expression of Fusion Protein p41gag

A fusion protein of the p25gag and pl6gag proteins of
ARV-2, designated p41gag, was synthesized in E. coli strain
D1210 transformed with plasmid pGAG41-10. pGAG41-10
was constructed from plasmid pGAG25-10 (see Section
3.1.2) as shown in FIG. 7 by inserting an Sphl-Hpal frag-
ment from the ARV-2 genome containing the sequences
from the C-terminal p16gag portion of the p53gag precursor
polyprotein and part of the p25gag protein between the Sphl
and BamHI sites of pGAG25-10. The coding strand of the
DNA sequence cloned in pGAG41-10 is shown in FIG. 9.
Transformation and induction of expression were effected
by the procedures described above. The cells were treated
and the p41gag protein was visualized on Coomassie-stained
gel as described above. The approximate molecular weight
of the observed protein was 41,000 daltons. The protein
reacted with AIDS sera and monoclonal antibody to p25gag
in Western and ELISA analyses carried out as above.
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3.4. Expression of p31pol

3.4.1. Host-Vector System

The C-terminal region of the polymerase gene (p31pol) is
synthesized by E. coli strain D1210 transformed with plas-
mid pTP31.2. Plasmid pTP31.2 is a pBR322 derivation
which contains the sequence coding for p31 under transcrip-
tional control of the hybrid tac promoter (described in Sec-
tion 3.1). Expression of p31 is induced in bacterial transfor-
mants by IPTG.

3.4.2. Construction of pTP31.2

3.4.2.1. Construction of M13 Template 01100484

A 4.87 kb DNA fragment was isolated from a Kpnl digest
of ARV-2 (9b) containing the 3' end of the pol gene, orf-1,
env and the 5' end of orf-2, that had been run on a 1% low
melting point agarose (Sea-Pack) gel and extracted with phe-
nol at 65° C., precipitated with 100% ethanol and resus-
pended in TE. Eight pl of this material were further digested
with Sstl for 1 h at 37° C. in a final volume of 10 pl. After
heat inactivation of the enzyme, 1.25 ul of this digest were
ligated to 20 ng of M13 mp19 previously cut with Kpnl and
Sstl, in the presence of ATP and in a final volume of 20 pl.
The reaction was allowed to proceed for 2 h at room tem-
perature. Five pl of this mixture were used to transform com-
petent E. coli IM101. Clear plaques were grown and single-
stranded DNA was prepared as described in Messing &
Vieira, (1982) Gene 19:269-276. One of these plaques con-
taining the 1848 bp fragment was designated 01100484.

3.4.2.2. In Vitro Mutagenesis of 01100484

The DNA sequence in 01100484 was altered by site-
specific mutagenesis to generate a restriction site recognized
by Ncol (CCATGG). An oligodeoxynucleotide that substi-
tutes the A for a C at position 3845 (FIG. 5) and changes a T
for an A at position 3851 (FIG. 5) was synthesized using
solid phase phosphoramidite chemistry. Both of these
changes are silent in terms of the amino acid sequence, and
the second one was introduced to decrease the stability of the
heterologous molecules. The oligomer was named ARV-216
and has the sequence: 5'-TTAAATCACTTGCCATGGCTC-
TCCAATTACTG and corresponds to the noncoding strand
since the M13 derivative template 01100484 is single-
stranded and contains the coding strand. The 5' phosphory-
lated oligomer was annealed to the 01100484 M13 template
at 55° C. in the presence of M13 sequencing primer, 50 mM
Tris-HC1 pH 8, 20 mM KCl, 7 mM MgCl, and 0.1 mM
EDTA. The polymerization reaction was done in 100 pl con-
taining 50 ng/pl DNA duplex, 150 uM dNTPs, 1 mM ATP,
33 mM Tris-acetate pH 7.8, 66 mM potassium acetate, 10
mM magnesium acetate, S mM DTT, 12.5 units of T4
polymerase, 100 pg/ml T4 gene 32 protein and 5 units of T4
DNA ligase. The reaction was incubated at 30° C. for 30 min
and was stopped by the addition of EDTA and SDS (10 mM
and 0.2% respectively, final concentration).

Competent JIM101 E. coli cells were transformed with 1,
2, and 4 pl of a 1:10 dilution of the polymerization product
and plated into YT plates. Plaques were lifted by adsorption
to nitrocellulose filters and denatured in 0.2 N NaOH, 1.5 M
NaCl, followed by neutralization in 0.5 M Tris-HCI pH 7.3,
3 M NaCl and equilibrated in 6xSSC. The filters were blot-
ted dry, baked at 80° C. for 2 h and preannealed at 37° C. in
0.2% SDS, 10xDenhardt’s, 6xSSC. After 1 h, 7.5 million
CPM of labeled ARV-216 were added to the filters and incu-
bated for 2 additional h at 37° C. The filters were washed in
6xSSC at 42° C. for 20 min, blot-dried and used to expose
film at -70° C. for 1 h using an intensifying screen. Strong
hybridizing plaques were grown and single-stranded DNA
was prepared from them and used as templates for sequenc-
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ing. Sequencing showed that template 01021785 contains
the Ncol site as well as the second substitution mentioned
above.

A second oligomer was synthesized to insert sites for Sall
and EcoRI immediately after the termination codon of the
pol gene (position 4647, FIG. 5). This oligomer was called
ARV-248 and has the sequence: 5'-GGTGTTTTACTAAAG-
AATTCCGTCGACTAATCCTCATCC. Using the template
01020785, site specific mutagenesis was carried out as
described above except that the filter wash after the hybrid-
ization was done at 65° C. As above, 8 strong hybridizing
plaques were grown and single-stranded DNA was
sequenced. The sequence of template 01031985 shows that
it contains the restriction sites for Ncol, Sall, and EcoRI as
intended.

3.4.2.3. Isolation of DNA Fragments Containing p31

Replicative form (RF) of the 01031985 template was pre-
pared by growing 6 clear plaques, each in 1.5 m1 of 2xYT at
37° C. for 5 h. Double-stranded DNA was obtained as
described by Maniatis et al., supra, pooled and resuspended
in 100 pl final volume. Ten pl of RF were digested with Ncol
and EcoRlI in a final volume of 20 pl. This fragment was used
for direct p31 expression in bacteria. An additional 20 pl of
RF were cut with Ncol and Sall in 40 pl. This fragment was
used for p31 expression in yeast. The samples were run on a
1% low melting point agarose (Sea-Pack) gel and the DNAs
were visualized by fluorescence with ethidium bromide. The
800 bp bands were cut and the DNAs were extracted from
the gel as mentioned above and resuspended in 10 pl of TE.
The fragments were called ARV248NR#2 and ARV248NL,
respectively.

3.4.2.4. Cloning of p31 into plot 7

The vector plot #7 (3 ug) [Hallewell et al. (1985) Nucl.
Acid Res. 13:2017-2034] was cut with Ncol and EcoRI in 40
ul final volume and the enzymes were heat-inactivated after
3 h. Two pl of this digest were mixed with 2 pul of
ARV248NR#2 and ligated in 20 pl in the presence of ATP
and T4DNA ligase at 14° C. overnight, and 10 pl of this
mixture were used to transform competent D1210 cells.
Colonies resistant to 2 mM IPTG and 100 pg/ml ampicillin
were selected and supercoiled DNA was extracted from each
of them. The DNAs were then restricted with Ncol and
EcoRI and analyzed by agarose gel electrophoresis. Clones
with the appropriate 800 bp insert were selected for further
use. They are designated pRSP248 numbers 3 and 4.

3.4.2.5. Construction of pTP31

The Ncol site introduced into 01100485 is 52 bp down-
stream from the putative start of p31. Three oligomers were
synthesized as above that code for the first 17 amino acids of
p31 and generate a cohesive Ncol end at the 3' end of the
molecule. The 5' end of the molecule has been extended
beyond the initiation codon to include a ribosome binding
site. The oligomers that were synthesized have the
sequences:

ARV-221
ccee c C
AGGXAACAGAAAAATGATAGATAAGGCACAAGAA
TTTT T

5

ARV-222
5' GAACATGAGAAATATCACAGTAATTGGAGAGC

ARV-223
3' CGTGTTCTTCTTGTACTCTTTATAGTGTCATTAACCTCTCGGTAC

One hundred fifty picomoles each of dephosphorylated
ARV-221, phosphorylated ARV-222 and ARV-223 were
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ligated to 20 Mg of pRSP248 previously cut with Ncol, at
14° C. for 18 h in a final volume of 62 pl. After phenol
extraction and ethanol precipitation, the DNA was resus-
pended in 40 ul H,O and incubated with 15 units of Klenow
fragment in the presence of 0.5 mM dNTPs for 1 h at room
temperature. The sample was phenol extracted, ethanol
precipitated, resuspended in 40 ul H,O, and digested with
EcoRI. The DNA was then run on a low melting point agar-
ose gel and the fragment of about 820 bp was extracted as
described above and resuspended in a final volume of 20 pl
of H,O. After phosphorylating the ends, 5 ul of the sample
were incubated for 18 h at 14° C. with 150 ng of plot7 that
had been cut with Pvull and EcoRI and its end
dephosphorylated, in the presence of T4 DNA ligase, ATP
and in a final volume of 31 pl. Five ul of ligation product
were used to transform RR1AM1S5. Clones resistant to 100
ng/ml of ampicillin were selected and super-coiled DNA
was extracted from them. The DNAs were digested with
Ncol and EcoRI and resolved on a 1% agarose gel. Colonies
with the appropriate size insert were obtained and named
pTP31. The p31 sequence contained in the insert is shown in
FIG. 12. Underlined sequences were chemically synthe-
sized. Others were derived from DNA.

3.4.3. Screening of Transformants

Bacterial transformants containing either the vector alone,
or the vector with the p31 DNA (pTP31.2) were grown in
L-Broth with 0.02% ampicillin to an ODgs, of 0.5. Cultures
were induced by the addition of IPTG to a final concentra-
tion of 2 mM and grown for 3 more hours. Bacteria from 1
ml cultures were pelleted and resuspended in 200 pul of gel
sample buffer. The cells were disrupted by three cycles of
freezing and thawing, boiled, and the extracts loaded onto
12.5% polyacrylamide-SDS minigels. Proteins were electro-
phoresed and transferred to nitrocellulose by electro-
blotting. The nitrocellulose filters were reacted with serum
EW5111 (diluted 1:100; positive reference serum from the
CDC that reacts strongly with viral p31), horse radish
peroxidase-conjugated goat anti-human IgG and HRP sub-
strate. A prominent band at —30,000 d and several lower
molecular weight species were seen in gels of extracts from
transformants with the p31 DNA, but not in extracts from
bacteria transformed with the vector alone.

3.4.4. Characterization of Recombinant Protein

Lysozyme-NP40 extracts were prepared from bacteria
transformed with pTP31.2 or vector alone. Five ml cultures
were grown, the cells pelleted and resuspended in 1 ml of 50
mM Tris-HCI pH 8, 0.5 mM EDTA, 1 mg/ml lysozyme and
incubated at 0° C. for 15 min NaCl, MgCl,, and NP40 were
added to final concentrations of 0.4, 5 mM and 0.5%
respectively, mixed and incubated with DNAse I (100 pug/ml)
at 0° C. for 30 min. When EWS5111 serum (diluted 1:100)
was preincubated with a 1:10 dilution of the cell extracts
from bacteria transformed with pTP31.2, prior to reaction
with a virus blot, the viral p31 band was completely
eliminated, while reactivity with other viral proteins
remained unaffected. In contrast, extracts from bacteria
transformed with the vector alone did not absorb out the p31
reactive antibodies. The viral p31 protein is thus the product
of the C-terminal or endonuclease region of the pol gene of
HIV-1.
3.5. Expression of SOD-p31 Fusion Protein

In order to generate a fused protein SOD-p31 that can be
expressed in E. coli, 2 ul of the fragment ARV248NL were
ligated to 100 ng of a Ncol-Sall digest of pSODCF2
[Steimer et al. (1986) J. Virol. 58:9-16], a plasmid that con-
tains the human SOD coding region under the regulation of
the tacl promoter, in 20 pl final volume for 18 h at 14° C.
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Competent D1210 cells were transformed with 5 ul of the
ligation mix and colonies were selected on L-broth ampicil-
lin plates. Colonies with the correct insert were called E. coli
D1210 (pTSp31). The expression of the fusion protein was
analyzed in the same manner as the direct expression of p31.
The analysis showed production of large amounts of a pro-
tein of about 47 kd that is immunoreactive with EW5111 but
not with normal human sera. Further characterization of the
recombinant protein is described in Section 4.3.3.3.

3.6. Expression of SOD-env5b Fusion Protein

3.6.1. Host-Vector System

A hybrid protein consisting of human superoxide dismu-
tase (SOD) fused to a viral envelope (env-5b) protein is syn-
thesized by E. coli strain D1210 transformed with plasmid
pSOD/env5b. Plasmid pSOD/env5b is a bacterial expression
vector which contains the sequence coding for human SOD
[Hallewell et al. (1985) Nucl. Acid. Res. 13:2017] fused to
the env-5b region of the viral env gene [ Sanchez-Pescador et
al. (1985) Science 227:484] as well as pPBR322 sequences
including the ampicillin resistant (amp”™) gene.

Expression of SOD/env-5b fusion protein is non-
constitutive and it is under transcriptional control of a hybrid
tac promoter [De Boer et al. (1983) Proc. Natl. Acad. Sci.
USA 80:21-25] derived from sequences of the trp and the lac
UVS promoters. Expression of SOD/env-5b is induced in
bacterial transformants with IPTG.

E. coli D1210, a lac-repressor overproducing strain, car-
ries the lacl and lacY™* alleles on the chromosome but other-
wise is identical to E. coli HB101 (F~ lacI*, lacO™, lacY~,
gal™, pro~, leu™, thi~, end”, hsm™, hsr™, recA™, rpsL.7) from
which it was derived [Sadler et al. (1980) Gene 8:279-300].

3.6.2. Construction of pSOD/env5h

Plasmid pSOD/env5b is a pBR322 derivative which con-
tains the sequences coding for env-5b [Sanchez-Pescador et
al. (1985) supra] under transcriptional control of a hybrid tac
promoter. De Boer et al. (1983) supra.

Plasmid pSOD/env5b (FIG. 25) was constructed by clon-
ing a 322 base pairs synthetic DNA fragment coding for
env-5b into plasmid pSODCF2 [Steimer et al. (1986) J.
Virol. 58:9-16], a vector containing the human SOD gene
under the control of the tacl promoter. Plasmid pSODCF?2 is
derived from vector ptac5 [Hallewell et al. (1985) Nucl.
Acid. Res. 13:2017] a pPBR322 derivative which contains the
tac promoter, Shine Delgarno sequences and a polylinker as
a substitution of the original pBR322 sequences comprised
between the EcoRI and Pvull restriction sites.

The 322 base pairs synthetic DNA fragment codes for the
env-5b fragment (amino acid residues 557 to 677 as num-
bered in FIG. 5) with an additional methionine to allow for
translational initiation site.

The synthetic gene was prepared by synthesizing oligo-
nucleotides varying in length between 34 and 48 bases, and
puritying and kinasing them individually according to stan-
dard procedures. Warner et al. (1984) DNA 3:401. The solu-
tion was phenol extracted and ethanol precipitated. The pel-
let was redissolved in 30 pl of a buffer containing 20 mM
Tris-HCI (pH 8.0), 10 mM MgCl,, and 10 mM dithiothreitol,
and heated to 90° C. After allowing to cool over 3 hours, the
solution was made 3 mM in ATP, brought up to a volume of
45 ul, and 5 pl of T4 DNA ligase (4x10° U/ml Biolabs)
added. The ligation was stopped after 10 minutes at 25° C.
by phenol extraction and ethanol precipitation. The pellet
was redissolved in 80 pl H,O in 10 pl of 10x high salt
restriction buffer and digested for 2 hours at 37° C. with 5 ul
each of Ncol and Sall (Biolabs). The full-length gene was
then purified on a 7% native polyacrylamide gel,
electroeluted, and cloned into Ncol/Sall-digested pBS-100.
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The cloned env-5b gene was isolated as an Ncol/Sall frag-
ment from the resulting plasmid and cloned into Ncol/Sall-
digested pSODCF2 to give plasmid pSOD/env5b. The
resulting bacterial expression vector was used to express the
SOD/env-5b fusion protein in E. coli under the control of the
tac-1 promoter. Hallewell et al. (1985) Nucleic Acids Res.
13:2017.

FIG. 15 shows the nucleotide sequence of the SOD/env-
5b insert cloned in pSOD/env5b and the amino acid
sequences derived for it. Sequences coding for human SOD
were derived from a human cDNA isolated as described in
Hallewell et al. (1985), supra. Sequences coding for env-5b
were chemically synthesized by the phosphoramidite
method as originally described by Beaucage & Caruthers,
(1981) Tetrahedron Lett. 22:1859.

3.6.3. Expression of SOD/env-5b Fusion Protein E. coli
D1210 cells were made competent for transformation fol-
lowing a standard procedure and transformed with pSOD/
env5b. The transformation mix was plated on agar plates
made with L-broth containing 100 pg/ml ampicillin. Plates
were incubated for 12 hours at 37° C.

Single ampicillin resistant colonies were transferred into
L-broth containing 100 pg/ml ampicillin and grown at 37° C.
Expression of env-5b was induced by adding 100 mM IPTG
to a final concentration of 1 mM followed by incubation at
37¢° C. for 2 hours.

Cells from induced cultures were pelleted and resus-
pended in Laemmli sample buffer. Laemmli (1970) Nature
227:680. After 3 cycles of boiling and freezing, portions of
resultant lysates were analyzed on standard denaturing acy-
lamide gels. Laemmli (1970), supra. Proteins were visual-
ized by staining with Coomassie blue.

The extent of expression was initially determined by
appearance of new protein bands for induced candidate
samples compared with controls. Proteins of molecular
weights expected for the cloned DNA were determined by
visual inspection of the gel lanes with reference to a standard
protein band of known amount.

Authenticity of the expressed proteins was determined by
standard western transfer of proteins to nitrocellulose and
analysis with appropriate human or rabbit immune sera or
mouse monoclonal antibodies or by ELISA assays of soluble
E. coli proteins using human immune sera from AIDS
patients.

3.6.4. Protein Purification

Single colonies of D1210 (pSOD/env5b) were inoculated
into 2 ml aliquots of L-broth containing 100 pg/ml ampicil-
lin and the cultures were grown overnight at 37° C. The
culture was made 15% glycerol by adding %4 volume of 75%
sterile glycerol. The glycerol cell stocks aliquoted and
quickly frozen in liquid nitrogen. The aliquots were stored at
-70° C.

A frozen aliquot of the seed stock (200 pl) was thawed and
used to inoculate 110 ml of L-broth with 0.01% ampicillin
medium. The culture was grown to saturation at 37° C. with
agitation. A 15 ml portion of the culture was added to each of
six (6) flasks containing 1.5 L. of L-broth with 0.01% ampi-
cillin medium. The cultures were grown at 37° C. with agita-
tion. During late log phase (after approximately 6 h.), env-5b
expression was induced by addition of IPTG to a final con-
centration of 1 mM. Incubation was continued for an addi-
tional 2-4 h. at 37° C.

After the cells had completed the growth period they were
harvested by centrifugation and pooled. The packed cells
were stored at either 4° C. or -20° C. The frozen (or
refrigerated) cells were thawed and suspended in 2 volumes
of cell lysis solution (1.0 mM PMSF, 0.18 mM EDTA, 230

20

25

30

35

40

45

50

55

60

65

38

mM tris-HCL, 0.425 mg/ml Lysozyme) on ice for 1 h.
Approximately 1.5 volumes of DNA Digestion Solution (1.0
mM PMSF, 30 units/ml DNAse 1, 1.0 mM MgCl,) was
added and then the cell lysate was sonicated at room tem-
perature for 30 minutes. The lysate was centrifuged at 113,
000xg for 15 minutes.

The supernatant was discarded and the pellet was sus-
pended in solubilization buffer (0.1% p-mercaptoethanol in
7 M guanidine-HCl) and rocked for 3 h. at 2-8° C. The
solution was subjected to ultracentrifugation at 25,500xg for
4 h. at 2-8° C. The pellet was discarded, and the supernatant
was diluted with 6 volumes of water, and then incubated at
room temperature for 1-2 h. The diluted supernatant was
centrifuged at 11,300xg for 30 minutes. Following
centrifugation, the supernatant was discarded and the pellet
was resuspended in 10-15 volumes of elution and resuspen-
sion buffer (0.1% p-mercaptoethanol, 50 mM Tris-HCI in
3.5 M guanidine-HCI, pH 7.4). The suspension was centri-
fuged at 2,000xg for 10 minutes at 2-8° C. to remove any
insoluble material.

The resolubilized fraction was chromatographed on a
Sephacryl S-300 column and eluted with Elution and Resus-
pension Buffer. Fractions were collected and the absorbance
was monitored at 280 nm. Fractions containing env-5b as
determined by SDS-PAGE were pooled. The pooled frac-
tions were concentrated to 5 the original volume by ultrafil-
tration in an Amicon unit under N, pressure.

The concentrate was dialyzed (MW cutoff 2000) against
50 to 100 volumes of urea-containing dialysis buffer (0.1%
B-Mercaptoethanol, 50 mM Tris-HCl in 7.5 M urea, pH 7.4)
for 16-24 h. at 2-8° C. The protein concentration of the dia-
lyzed env-5b was adjusted to 1.02.0 mg/ml (based on modi-
fied Lowry assay).

3.7. Expression of §-gal-env Fusion Proteins.

3.7.1. Host-Vector System

A partial env protein is synthesized by E. coli D1210
transformed with plasmid plI-3. Plasmid plI-3 (ATCC No.
67549) is a bacterial expression vector which contains the
sequence for %3 (carboxyl end) of the env protein fused to E.
coli b-galactosidase DNA in the vector pNL291. Expression
of'the p-gal-env fusion protein is induced with IPTG.

3.7.2. Construction of pII-3

Plasmid plI-3 was constructed by cloning a 1855 bp
BgllI-Xhol fragment coding for %5 of the env protein. The
fragment extends from nt 6604 to nt 8460 (FI1G. 5) and codes
for env amino acid residues from number 276 to the end of
the env protein.

To prepare the plasmid, the 1856 bp fragment was isolated
by gel electrophoresis. The Bglll-Xhol fragment was cloned
into pNL291 which had been previously digested with
BamHI and Xhol. Plasmid pNL.291 is a derivative pUR291
[Ruther et al. (1983) EMBO J. 2:1791-1794] in which a
polylinker containing the additional restriction sites Ncol,
Pvull and Xhol was substituted between the BamHI and Sall
sites. Plasmid pUR291 is an inducible E. coli expression
vector which produces f-galactosidase C-terminal fusion
proteins.

3.7.3. Expression and Characterization of Fusion Protein

E. coli D1210 cells were transformed with 25-50 ng of
pII-3. The transformation mix was plated onto L-Broth agar
plates containing 100 pg/ml ampicillin. Single amp® colo-
nies were grown in L-Broth/amp and expression of the
fusion protein was induced by IPTG addition (1 mM) fol-
lowed by incubation. Cell extracts were prepared and ana-
lyzed by SDS gel electrophoresis and immunoassays using
human immune sera or rabbit immune sera.

Results of this analysis showed that a large molecular
weight protein is induced with IPTG. Expression levels are
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about 20 mg/l. This fusion protein reacted with human
immune sera from AIDS patients in ELISA assays.

4. Expression of HIV Polypeptides in Yeast

4.1. Expression of envH Peptide

4.1.1. Host-Vector System

A partial env protein is synthesized by S. cerevisiae 2150-
2-3 transformed with plasmid pDPC303. Plasmid pDPC303
is a yeast expression vector which contains the sequence
coding for %5 of the env protein, envH, as well as pPBR322
sequences including the amp” gene and 2-micron sequences
including the yeast leu 2-04 gene. Expression of envH is
under regulation of the yeast pyruvate kinase promoter and
terminator sequences. Yeast strain S. cerevisiae 2150-2-3 has
the following genotype: Mat a, ade 1, leu 2-112, cir®. This
strain was obtained from Dr. Leland Hartwell, University of
Washington.

4.1.2. Construction of pDPC303

Plasmid pDPC303 contains an “expression cassette”
(described below) for envH cloned into the BamHI site of
vector pCl/1. Vector pCl/1 contains pBR322 and 2 micron
sequences including the amp” and yeast leu 2-04 markers. It
was derived from pJDB219d [Beggs (1978) Nature 275:104]
by replacing the pMB9 region with pBR322 sequences.

The “expression cassette” for envH consists of the follow-
ing sequences fused together in this order (5' to 3'): yeast
pyruvate kinase (PYK) promoter, envH coding region and
PYK terminator. The PYK promoter and terminator regions
were derived from the PYK gene isolated as described in
Burke et al. (1983) J. Biol. Chem. 258:2193-2201.

The envH fragment cloned into the expression cassette
was derived from ARV-2 DNA and comprises a 1395 bp
fragment which codes for env amino acid residues 27
through 491 coded by nt 5857 to nt 7242 (FIG. 5). In
addition, there are 5 extra codons fused in reading frame in
the 5' end, the first codon corresponding to a methionine, and
4 extra codons fused in reading frame at the 3' end followed
by a stop codon. The extra codons were incorporated to
facilitate cloning procedures exclusively.

FIG. 11 shows the coding strand of the nucleotide
sequence cloned in pDPC303 and the amino acid sequence
derived from it. DNA sequences that are not underlined in
the figure were derived directly from the ARV-2 A9B DNA
described above. All other sequences were either chemically
synthesized, or derived from the PYK vector.

4.1.3. Transformation and Expression

Yeast cells S. cerevisiae 2150-2-3 (Mata, adel,
leutb 2-+b 04, cir®) were transformed as described by Hin-
nen et al. (1978) Proc. Natl. Acad. Sci. USA 75:1929-1933,
and plated onto leu~ selective plates. Single colonies were
inoculated into leu™ selective media and grown to saturation.
Cells were harvested and the env protein was purified and
characterized as described below.

4.1.4. Purification of envH Protein

4.1.4.1. Cell Breakage

Frozen S. cerevisiae 2150-2-3 (pDPC303) are thawed and
suspended in 1 volume of lysis buffer (1 pg/ml pepstatin,
0.001 M PMSF, 0.001 M EDTA, 0.15 M NaCl, 0.05 M Tris-
HCI pH 8.0), and 1 volume of acid-washed glass beads are
added. Cells are broken in a noncontinuous system using a
300 ml glass unit of Dyno-mill at 3000 rpm for 10 min. The
jacket is kept cool by a -20° C. ethylene glycol solution.
Glass beads are decanted by letting the mixture set for 3
minutes on ice. The cell extract is recovered and centrifuged
at 18,000 rpm (39,200xg) for 35 min. The supernatant is
discarded and the precipitate (pellet 1) is further treated as
indicated below.
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4.1.4.2. SDS Extraction of Insoluble Material

Pellet 1 is resuspended in 4 volumes of Tris-HCI buffer
(0.01 M Tris-HCI, pH 8.0, 0.01 M NaCl, 0.001 M PMSF, 1
ng/ml pepstatin, 0.001 M EDTA, 0.1% SDS) and extracted
for 2 h at 4° C. with agitation. The solution is centrifuged at
6,300xg for 15 min. The insoluble fraction (pellet 2) is
resuspended in 4 volumes (360 ml) of PBS (per liter: 0.2 g
K(Cl, 0.2 g KH,PO,, 8.0 g NaCl, 2.9 g Na,HPO,.12H,0),
0.1% SDS, 0.001 M EDTA, 0.001 M PMSF, 1 pg/ml
pepstatin, and centrifuged at 6,300xg for 15 min. The pellet
(pellet 3) is suspended in 4 volumes of PBS, 0.2% SDS,
0.001 M EDTA, 0.001 M PMSF, 1 pg/ml pepstatin and is
extracted for 12 h at 4° C. with agitation on a tube rocker.
The solution is centrifuged at 6,300xg for 15-min. The
soluble fraction is receovered for further purification as indi-
cated below. (The pellet can be reextracted by resuspending
it in 4 volumes of 2.3% SDS, 5% p-mercaptoethanol, and
boiling for 5 min. After boiling, the solution is centrifuged at
6,300xg for 15 min. The soluble fraction is recovered for
further purification.

4.1.4.3. Selective Precipitation and Gel Filtration

The soluble fraction is concentrated by precipitation with
30% ammonium sulfate at 4° C. The pellet (pellet 4) is resus-
pended in 2.3% SDS, 5% f-mercaptoethanol, and chromato-
graphed on an ACA 34 (LKB Products) gel filtration col-
umn. The column is equilibrated with PBS, 0.1%. SDS, at
room temperature. Chromatography is developed in the
same solution with a flow rate of 0.3 ml/min. Five ml frac-
tions are collected, pooled and characterized by protein gel
electrophoresis, Western analysis, and ELISA. If needed,
pooled fractions are concentrated by vacuum dialysis on
Spectrapor #2 (MW cutoff 12-14K).

4.1.5. Characterization of Recombinant envH

SDS polyacrylamide gel analysis (12% acrylamide gels)
showed that a new 55,000 dalton protein was being synthe-
sized in yeast cells transformed with the env-containing vec-
tor. The 55,000 dalton protein is absent from cells trans-
formed with control plasmid (vector without env insert). The
identity of env was confirmed by both ELISA (Section
3.1.6.3.) and Western analysis using AIDS patient serum. In
both assays the 55,000 dalton protein showed immunoreac-
tivity. No reactivity was obtained with serum from a normal
individual.

4.2. Expression of env Subregion Polypeptides

The following example describes the expression of DNA
coding regions defined as env-1, env-2, env-3, env-4 and
env-5b (see FIG. 13). Env-1 and env-4 approximate the N-
and C-terminal halves of gp120env, respectively. Env-2 and
env-3 approximate the entire env polypeptide moieties of
gpl120 and gp4l, respectively. Env-5b corresponds to the
region of gp4lenv thought to be external to the cell mem-
brane.

4.2.1. Env-1

4.2.1.1. GAP Promoter

Proviral ARV-2 sequences were isolated from phage
ARV-2 (7D) and subcloned into plasmid pUC19. Yanisch et
al. (1985) Gene 33:103-119. The plasmid containing the
proviral sequences was named pUC19ARV7D/7. To isolate
the env-1 region, the plasmid was cut with Fokl at cys27 of
the env region (nt5857, FIG. 5) and with Bglll at arg276
(nt6604, FIG. 5). This provided a nucleotide segment with a
coding capacity for 28 kD from the N-terminus of gp120
without the 29 amino acid signal sequence of the env gene
product. A synthetic, Ncol/FoklI adaptor, with the following
sequence, was ligated to the env-1 segment:
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5'-CATGGCTATC
CGATAGACAT-5"

A second adaptor, for Bglll/Sall, was also ligated to the
env-1 segment. This second adaptor had the following
sequence:

5'-GATCTTGATAGG
AACTATCCAGCT-5'

The first synthetic adaptor contains an in-frame initiation
codon, and the second synthetic adaptor contains an
in-frame stop codon.

The env-1 segment modified with the synthetic adaptors
was then ligated into pPGAP1 previously linearized with
Ncol and Sall. Plasmid pPGAP1 has been previously
described. EPO Pub. No. 164,556. It contains a yeast
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) pro-
moter and terminator sequences flanking Ncol and Sall clon-
ing sites. The ligation of the modified env-1 segment into
pPGAPI1 produces plasmid pPGAP/FGenv which contains
the env-1 sequence fused directly to the GAPDH promoter
and terminator sequences. The expression cassette contain-
ing GAPCH promoter-env-1-GAPDH terminator was
excised by digestion of pPGAP/FGenv with BamHI and gel
purification of the fragment. The expression cassette was
cloned into BamHI-digested pCl/1 (see Section 4.1.2) to
yield pCl/1FGenv.

Plasmid pCl/1FGenv was used to transform yeast strain
AB110 (Mata., ura 3-52, leu 2-04 or both leu 2-3 and leu
2-112, pep 4-3, h is 4-580, cir®; see EPO Pub. No. 620,662 &
Section 4.5.2) as described previously. Hinnen et al. (1978)
Proc. Natl. Acad. Sci. USA 75:1929. Yeast colonies trans-
formed with the expression plasmid were grown in synthetic
complete media lacking leucine at a concentration of 2%
glucose. Large-scale cultures were grown in YEP medium
with 2% glucose as described in Section 4.1.3. Lysates were
prepared from yeast cultures as described previously, and
were then separated into soluble and insoluble fractions by
centrifugation, and analyzed by polyacrylamide gel
electrophoresis, see Section 4.1.4. A heavily expressed pro-
tein corresponding to env-1 was readily discernible in the
insoluble fraction by Coomassie blue staining. This protein
also migrated at a molecular weight of approximately 8 kD,
as predicted from the DNA sequence.

4.2.2. Env-2

The env-2 polypeptide is similar to the previously
described envH (Section 4.1.1) and corresponds to the viral
gp120 glycoprotein. Env-2 differs from envH in the 5 amino
terminal residues and is under the regulatory control of the
GAPDH promoter as described for the expression of env-1.
Env-2 is a polypeptide having the amino acid sequence of
gp120env residues 26510.

4.2.2.1. Construction of pAB24-GAP-env2

Plasmid pAB24-GAP-env2 (FIG. 28) contains an
“expression cassette” for the env gene cloned into the
BamHI site of the yeast shuttle vector pAB24 (below).
Expression of the env gene is under regulatory control of the
GAPDH promoter and the PYK terminator. Construction of
pAB24-GAP-env2 was accomplished by ligating (i) an
approximately 952 bp BamHI-Stul fragment from plasmid
pCl/1-FGenv (Section 4.2.1) which contains the GAPDH
promoter and the envelope sequences coding for amino acids
26-267, and (ii) an approximately 1474 bp Stul-BamHI frag-
ment from plasmid pDPC302 (which is similar to pDPC303
in Section 4.1.1. except that it extends 57 nucleotides in the
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3" direction of the envelope coding region), which codes for
env amino acids 267-510 and the PYK terminator, into plas-
mid pAB24 which had been previously digested with
BamHI and treated with alkaline phosphatase. The direction
of transcription in the “expression cassette” is in the opposite
direction of the tetracycline gene of the pPBR322 sequences.

Plasmid pAB24 (FIG. 27) is a yeast shuttle vector which
contains the complete 2p sequence [Broach, in: Molecular
Biology of the Yeast Saccharomyces, Vol. 1, p. 445, Cold
Spring Harbor Press (1981)] and pBR322 sequences. It also
contains the yeast URA3 gene derived from plasmid YEp24
[Botstein et al. (1979) Gene 8:17] and the yeast LEU“ gene
derived from plasmid pCl/1. EPO Pub. No. 116,201. Plasmid
pAB24 was constructed by digesting YEp24 with EcoRI and
religating the vector to remove the partial 2u sequences. The
resulting plasmid, YEp24ARI, was linearized by digestion
with Clal and ligated with the complete 2 plasmid which
had been linearized with Clal. The resulting plasmid,
pCBou, was then digested with Xbal and the 8605 bp vector
fragment was gel isolated. This isolated Xbal fragment was
ligated with a 4460 bp Xbal fragment containing the LEU>d
gene isolated from pCl/1; the orientation of the LEU?d gene
is in the same direction as the URA3 gene. Insertion of the
expression cassette was in the unique BamHI site of the
pBR322 sequences, this interrupting the gene for bacterial
resistance to tetracycline.

4.2.2.2. Transformation and Expression

Yeast cells S. cerevisiae 2150-2-3 Mata, ade+b 1,
leutb 2-+b 04, cir®) were transformed as described by Hin-
nen et al. [(1978) Proc. Natl. Acad. Sci. USA 75:1929-1933]
and plated onto leu-selective plates. Single colonies were
inoculated into leu-selective media and grown to saturation.
The culture was further inoculated into YEP 2% glucose
media. Cells were harvested and the env-2 protein was puri-
fied and characterized as described below.

4.2.2.3. Purification of env-2 Protein

Frozen S. cerevisiae 2150-2-3 (pAB24-GAP-env2) were
thawed and suspended in 1 volume of lysis buffer (1 ng/ml
pepstatin, 0.001 M PMSE, 0.001 M EDTA, 0.15 M NaCl,
0.05 M Tris-HC1 pH 8.0), and 1 volume of acid-washed glass
beads are added. Cells are broken in a non-continuous sys-
tem using a 300 ml glass unit of Dyno-mill at 3000 rpm for
10-25 min. The jacket is kept cool by a -20° C. ethylene
glycol solution. Class beads are decanted by letting the mix-
ture set for approximately 3 minutes on ice. The cell extract
is recovered and centrifuged at 18,000 rpm (39,200xg) for
35 min. The supernatant is discarded and the precipitate
(pellet 1) is further treated as indicated below.

Pellet 1 is resuspended in 4 volumes of Tris-HCI buffer
(0.01 M Tris-HCI, pH 8.0, 0.01 M NaCl, 0.001 M PMSF, 1
ng/ml pepstatin, 0.001 M EDTA, 0.1% SDS) and extracted
for 2 h at 4° C. with agitation. The solution is centrifuged at
6,300xg for 15 min. The insoluble fraction (pellet 2) is
resuspended in 4 volumes of PBS (per liter: 0.2 g KC1,0.2 g
KH,PO,, 8.0 g NaCl, 2.9 g Na,HPO,.12H,0), 0.1% SDS,
0.001 M EDTA, 0.001 M PMSF, 1 pg/ml pepstatin, and
centrifuged at 6,300xg for 15 min. The pellet (pellet 3) is
suspended in 4 volumes of PBS, 0.2% SDS, 0.001 M EDTA,
0.001 M PMSF, 1 pug/ml pepstatin and is extracted for 12+3 h
at 4° C. with agitation on a tube rocker. The solution is
centrifuged at 6,300xg for 15 min. The soluble fraction is
recovered for further purification as indicated below. (The
pellet can be reextracted by resuspending it in 4 volumes of
2.3% SDS, 5% pP-mercaptoethanol, and boiling for 5 min.
After boiling, the solution is centrifuged at 6,300xg for 15
min. The soluble fraction is recovered for further
purification.)
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The soluble fraction is concentrated by precipitation with
30% ammonium sulfate at 4° C. The pellet (pellet 4) is resus-
pended in 2.3% SDS, 5% f-mercaptoethanol, and chromato-
graphed on an ACA 34 (LKB Products) gel filtration col-
umn. The column is equilibrated with PBS, 0.1% SDS, at
room temperature. Chromatography is developed in the
same solution with a flow rate of 0.3+0.1 ml/min. 5£2 ml
fractions are collected, pooled and characterized by protein
gel electrophoresis, Western analysis, and ELISA. If needed,
pooled fractions are concentrated by vacuum dialysis on
Spectrapor #2 (MW cutoff 12-14K), or by membrane filtra-
tion using an Amicon concentrator using a PM 10 membrane.

SDS polyacrylamide gel analysis (12% acrylamide gels)
showed that a new 55,000 dalton protein was being synthe-
sized in yeast cells transformed with the env-containing vec-
tor. The 55,000 dalton protein is absent from cells trans-
formed with control plasmid (vector without env insert). The
identity of env-2 was confirmed by both ELISA and Western
analysis using AIDS patient serum. In both assays the
55,000 dalton protein showed immunoreactivity. No reactiv-
ity was obtained with serum from a pool of normal individu-
als.

4.2.2.4. Immunogenicity

To determine the immunogenicity of polypeptides
expressed in yeast, purified env-2 (Section 4.2.2.3) was used
to immunize rabbits. Rabbits received perilymphnodal injec-
tions of 250 ng of purified env-2 polypeptide in complete
Freund’s adjuvant. Twenty-one days later, the rabbits were
boosted with intramuscular injections of 250 ug of env-2
polypeptide in incomplete Freund’s adjuvant. Ten days later
the animals were bled and then set up on a schedule of
boosting, bleeding 10 days later, and reboosting after 21
days. Antibody titers to env-2 polypeptide for the rabbits
were measured using ELISA. Antibodies from the rabbits
reacted specifically with env glycoproteins in virus (gp120)
and in infected cells (gp160). Thus, the polypeptide moiety
representing the N-terminal domain of the env region is
immunogenic when expressed in a heterologous host spe-
cies.

4.2.3. Env-3

4.2.3.1. GAP-Promoter

Env-3, the gp4lenv equivalent (AA 529-855 of env), was
prepared by cutting the env insert of plasmid
pUC19ARV7D/7 (Section 4.2.1.1) at the Hgal site (nt7401,
FIG. 5) and at the Xhol site 3' to the env termination codon
(nt8460, FIG. 5). The resulting env-3 segment was modified
by the addition of synthetic adapters. The 5' end was modi-
fied by the addition of an Ncol/Hgal adapter which reintro-
duced the coding sequence to met529 (nt7817, FIG. 5). The
linker had the following sequence:

5'-CATGGGCGCCGTTTCTTTGACCTTGACC-3!
3'-CCGCGGCAAAGAAACTGGAACTGGCATGT-5"

A second synthetic Xhol/Sall adapter molecule was pre-
pared and ligated to the Xhol end of env-3, the adapter hav-
ing the following sequence:

5'TCGACCTCGAGG-3'
3'-GGAGCTCCAGCT-5"

The Hgal/Xhol fragment was cloned together with the above
linkers into Ncol/Sall-digested pPGAG/FGenv (Section
4.2.1.1), and the resulting plasmid pPGAP/HXenv, was
digested with BamHI. The BamHI expression cassette was
cloned into pCl/1. The resulting expression vector pCl/
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1GAP/HXenv was expressed as described above after trans-
formation of yeast strain AB110 (Section 4.2.1). Extreme
toxicity, as evidenced by slow growth of cells, was observed
when this gene was expressed constitutively in yeast under
control of the GAPDH promoter.

4.2.3.2. ADH-2/GAPDH promoter

In order to express env-3 under the control of the glucose-
regulable ADH-2/GAPDH (or ADH-2/GAP) promoter, the
Nco-I/BamHI fragment containing the env-3 coding region
and the GAPDH terminator was excised from pPGAP/HX-
env. This was cloned together with the ADH-2/GAPDH pro-
moter as a BamHI/Nco-I fragment (from pJS103) into
BamHI-digested and phosphatized pCl/1. The resulting
expression vector, pCl/1ADH-2/GAP/HXenv, was
expressed as described below after transformation of yeast
strain AB110.

Plasmid pJS103, which contains the hybrid ADH-2/
GAPDH promoter employed above, was constructed as fol-
lows. The ADH-2 portion of the promoter was constructed
by cutting a plasmid containing the wild-type ADH2 gene
from plasmid pADR2 [Beier et al. (1982) Nature 300:724-
728] with restriction enzyme EcoRS5, which cuts at position
+66 relative to the ATG start codon, as well as in two other
sites in pADR2, outside of the ADH2 region. The resulting
mixture of a vector fragment and two smaller fragments was
resected with Bal31 exonuclease to remove above 300 bp.
Synthetic Xhol linkers were ligated onto the Bal31-treated
DNA. The resulting DNA linker vector fragment (about 5
kb) was separated from the linkers by column
chromatography, cut with restriction enzyme Xhol,
religated, and used to transform E. coli to ampicillin resis-
tance. The positions of the Xhol linker were determined by
DNA sequencing. One plasmid which contained an Xhol
linker within the 5' nontranscribed region of the ADH2 gene
(position -232 from ATG) was cut with the restriction
enzyme Xhol, treated with nuclease S1, and subsequently
treated with the restriction enzyme EcoRI to create a linear
vector molecule having 1 blunt end at the site of the Xhol
linker and an EcoRI end. The GAP portion of the promoter
was constructed by cutting plasmid pPGAP with the
enzymes BamHI and EcoRI, followed by the isolation of the
0.4 Kbp DNA fragment. This purified fragment was then
completely digested with the enzyme Alul and an approxi-
mately 200 bp fragment was isolated. This GAP promoter
fragment was ligated to the ADH-2 fragment present on the
linear vector described above to give plasmid pJS103.

S. cerevisiae AB110 was transformed with the ADH-2/
GAPDH constructions, and the cultures grown initially in
synthetic complete media lacking leucine with 8% glucose.
Env-3 was induced by diluting the culture 1:25 into YEP
with 1% glucose and allowing growth at 30° C. for 24 hours.
Normal cell growth was observed; however, complex
expression products were observed. In an immunoblot assay
with AIDS sera, the protein appeared as a multiplet of immu-
noreactive bands, including a major band at about 37 kD and
five additional bands of increasing molecular weight. As
demonstrated by treatment with endoglycosidase-H prior to
gel and immunoblot analysis, these additional bands were
due to glycosylation. Inspection of the gp41 DNA sequence
shows five potential N-linked carbohydrate addition sites.
Since env-3 encodes a polypeptide with a calculated molecu-
lar weight of 40.5 kD, the gel mobility of env-3 at around 37
kD may indicate either aberrant electrophoresis properties,
or C-terminal processing analogous to that proposed for
infected T-cell-derived gp41.

4.2.4 Env-4

The env-4 region approximates the carboxy-terminal half
of'the gp120 glycoprotein from the envelope gene and corre-
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sponds to amino acids Glu-272 to Arg-509 (FIG. 5). Env-4
also contains a methionine at the N-terminus which serves as
an initiation codon for the yeast expression system.

Expression of the env-4 protein was initially attempted as
a direct expression product in yeast which failed to provide
any detectable product. Successful expression of the env-4
protein was achieved as an SOD fusion product in yeast.

4.2.4.1. pBS24/SF2env4/GAP

The 3' end of the env-4 coding sequence was modified by
M13 mutagenesis to generate 2 stop codons in frame after
Arg-509, and by adding restriction sites for HindIII and Sall.
Plasmid pSV-7c/env (Section 2.1.2) was digested with Hin-
dIII and Xhol and an approximate 2830 bp fragment was gel
isolated. The fragment was cloned into M13-mpl9 and
single stranded template was generated M13 mutagenesis
was performed using the following primer:

5'-GAACATAGCTGTCGACAAGCTTCAT-
CATCTTTTTTCT-3'
A single plaque designated M13Fenv3-447 was isolated and
confirmed by M13 sequencing to contain the inserted stop
codons and new restriction sites for HindIII and Sall. M13
replicative-form DNA was prepared for M13Fenv3-447 by
standard methods, and an approximately 713 bp Bglll
(position 6604, FIG. 5) to Sall fragment was excised and gel
purified. This fragment was ligated to the following Ncol-
BgllII linker, which codes for a methionine initiation codon
and the first four amino acids of the env-4 protein:

MetGluValValIlleArg
5' -CATGGAGGTAGTAATTA-3"
CTCCATCATTAATCTAG

and then cloned into pPGAP1 [EPO Pub. No. 164,556]
which was previously digested with Ncol and Sall and gel
isolated. The approximate 1130 bp BamHI-Sall fragment
containing the GAPDH promoter and the env-4 gene was
excised and cloned into pBS24 (below), which was previ-
ously digested with BamHI and Sall and gel isolated, to give
plasmid pBS24/SF2env4/GAP.

Plasmid pBS24/SF2env4/GAP was transformed into S.
cerevisiae strains 2150-2-3 and AB110 as described previ-
ously. Cultures from single colonies were grown and ana-
lyzed for expression by SDS polyacrylamide gel electro-
phoresis. No env-4 protein was detected by either
Coomassie stained gels or western blot analysis.

4.2.4.2. pBS24

Plasmid pBS24 is a derivative of pAB24 as described in
Section 4.2.2.1. Plasmid pAB24 was digested with BamHI
and Sall (which cut within the tetracycline gene of the
pBR322 sequences) and gel purified. The vector was then
ligated with a synthetic adapter of the following sequence
which created new unique Bglll and BamHI sites:

BglII BamHI
5'-GATCAGATCTAAATTTCCCGGATCC-3"
TCTAGATTTAAAGGGCCTAGGAGCT

(BamHI) (Sal1)

The resulting vector, pAB24ABL was then digested with
BamHI and BglII and gel purified. The linearized vector was
ligated with the BamHI cassette excised and purified from
pSOD/env-5b (Section 4.2.5) to give pBS24. The cassette
contains the hybrid ADH-2/GAPDH promoter and a.-factor
terminator with an Ncol-Sall insert of the SOD/env-5b
fusion gene. The cassette is oriented in pBS24 such that the
direction of transcription from the ADH-2/GAPDH pro-
moter is in the opposite direction to that of the inactivated
tetracycline gene of the pBR322 sequences.
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4.2.4.3. pBS24/SOD-SF2env4

Since there was no detectable expression of env-4 from
the direct expression system, an SOD/env-4 fusion gene was
constructed. Plasmid pBS24/SF2env4/GAP was digested
with Ncol and Sall and the approximate 713 bp env-4 gene
was gel isolated. The env-4 gene was ligated into pSODCF-2
(Section 3.5) which was previously digested with Ncol and
Sall and gel purified, to give pCF2-SODenv4. Plasmid
pSODCEF, is a bacterial expression vector which allows for
the C-terminal fusions of heterologous genes with the
human SOD gene and is under the control of the tacl pro-
moter. When plasmid pCF2-SODenv4 was transformed into
E. coli strains D1210 and RR1AM15 and analyzed for
expression as described previously (Sections 3.4.4 and 3.6),
no expression of SOD/env-4 fusion protein was detected.
Plasmid pCF2-SODenv4 was digested with Stul and Sall to
isolate the 3' half of the SOD gene fused with the env-4 gene.
This fragment was ligated to pSI8 which had been previ-
ously digested with Stul and Sall and gel isolated to give
plasmid pSI8-SODenv4. Plasmid pSI8 (Section 4.2.5) con-
tains the hybrid ADH-2/GAPDH promoter and the a-factor
terminator sequences flanking the SOD-insulin fusion gene.
The resulting plasmid pSI8-SOD/env-4 was digested with
BamHI and Salt to excise a fragment containing the ADH-2/
GAPDH promoter and SOD/env-4 fusion gene. This frag-
ment was gel isolated and cloned into pBS24 which had
been previously digested with BamHI and Sall and gel iso-
lated to give pBS24/SOD-SF2env4 (FIG. 26).

4.2.4.4. Transformation and Expression.

The plasmid pBS24/SOD-SF2env4 was transformed into
yeast cells S. cerevisiae 2150-2-3 and S. cerevisiae AB116
(mat a, leu 2, trp 1, ura 3-58, pro 1-1122 (prot. B), pep 4-3
(prot. A), pre 1-407 (prot. C), cir®) as described previously
[Hinnen et al. (1978) Proc. Natl. Acad. Sci. USA 75:1929-
1933] and plated onto Leu~ sorbitol plates. Strain AB116
was isolated by curing S. cerevisiae strain BJ2168 of its 2
micron plasmid by standard methods. BJ2168 is available
from the Yeast Genetic Stock Center, Department of Bio-
physics and Medical Physics, University of California, Ber-
keley 94720.

Cultures were grown as follows: a loopfull of cells from
the individual colonies were inoculated into 3 ml of Leu™,
8% glucose media and incubated in an air shaker at 30° C.
for 16-18 h. The 3 ml culture was transferred to 40 ml of
fresh Leu 8% glucose media and incubated in an air shaker
at 30° for 24 h. The 40 ml culture was transferred to 1 liter of
YEP, 1% glucose media (or YEP, 2.5% Ethanol media for
2150-2-3 cells) and incubated in an air shaker at 300 for an
additional 48 h. The cells were harvested by centrifugation
and stored at —20° C.

Expression of the SOD/env-4 fusion protein was analyzed
by both polyacrylamide gel electrophoresis and western
blot. Cells are disrupted by glass bead lysis method in 0.1 M
NaPo, (pH 7.4), 0.1% Triton lysis buffer. After lysis the
soluble and insoluble fractions are separated by centrifuga-
tion. The insoluble pellet is solubilized in Laemmli gel load-
ing buffer and run on a 12.5% acyrlamide SDS gel. Laemmli
(1970) Nature 227:680. A band migrating at approximately
44 Kd molecular weight (expected size of SOD/env-4 fusion
protein) was observed. This same band also reacted on a
western blot with AIDS positive human sera but not with
control sera. Expression levels of SOD/env-4 fusion protein
were approximately equal for the two different strains. Pro-
tein purification was carried out essentially as described in
Section 4.2.2.3. for env-2.

4.2.5. ySOD/env-5b Fusion Protein

The region of the envelope gene corresponding to amino
acids alanine-557 through tryptophan-677 is termed env-5b



US RE41,158 E

47

as described in Section 3.6 and is also expressed as a stable
fusion protein with hSOD in yeast. A Stul-Sall fragment
containing most of the SOD gene fused to the env-5b gene
was removed from pSOD/env-5b (Section 3.6) and cloned
into pSI8 which had been previously digested with Stul and
Sall and gel isolated to give pSI8/SOD-envSb. Plasmid pSI8
(described below) contains the ADH-2/GAPDH hybrid pro-
moter and a-factor terminator sequences flanking the SOD-
insulin fusion gene. The resulting plasmid, designated pSI&/
SOD-env5bh, was digested with BamHI and the fragment
containing the promoter-ySODenv-5b fusion-terminator was
isolated and cloned into the BamHI cut and phosphatased
pAB24 to give pYSOD/env-5b, which was used to transform
the yeast strain 2150, as described above. Expression of the
ySOD/env-5b fusion protein was induced by diluting a
starter culture into YEP containing 1% ethanol.

Lysates were isolated and prepared as described above. A
heavily expressed protein corresponding to the SOD/env-5
fusion was readily discerned in the insoluble fraction by
Coomassie blue staining. This protein migrated at a molecu-
lar weight of approximately 30.6 kD, as predicted from its
DNA sequence. This fusion protein was also subsequently
shown to have a high proportion of reactivity to AIDS
patients’ sera.

Plasmid pSI8 is a derivative pYASI1, the latter being
described in commonly owned U.S. patent application Serial
No. 845,737, filed on 28 Mar. 1986 by Cousens et al. and
EPO Pub. No. 196,056, the disclosures of which are
expressly incorporated herein by reference. Essentially, pSI8
contains: The hybrid ADH-2/GAPDH promoter (as a 1.3 kb
Bam-Nco fragment) derived from plasmid pJS104
(described below); an SOD-insulin fusion gene (as a 736 by
Nco-Sal fragment) derived from a derivative of pYSI1 (U.S.
Ser. No. 06/845,737); and the a-factor terminator isolated as
a 277 bp Sall-EcoRI fragment in which the EcoRI site has
been filled in with Klenow fragment and BamHI linkers
ligated to give a Sall-BamHI fragment [Brake et al. (1984)
Proc. Natl. Acad. Sci. USA 81:4642-4646]; all cloned into a
pBR322 derivative in which the segment between EcoRI and
Sall is deleted and Bam linkers attached. Plasmid pJS104 is
the same as plasmid pJS103 (Section 4.2.3.2), except that the
GAPDH fragment of the ADH-2/GAPDH promoter is about
400 bp, as opposed to 200 bp. The construction of pJS104
was the same as pJS103, except that during the preparation
of'the GAPDH portion of the promoter, the 0.4 Kbp BamdI-
EcoRI fragment was partially digested with Alul to create a
blunt-end near the BamHI site.

4.2.6. Env 4-

The env 4-5 polypeptide corresponds to the region of the
envelope gene which approximates the C-terminus of gp120
and the N-terminus of gp41, amino acids 272 to 673 (FIG.
5). Plasmid pBS24.1/SOD-SF2env4-5 was used to express
the env 4-5 polypeptide as an SOD fusion protein under the
regulatory control of the ADH-2/GAPDH promoter in yeast.

4.2.6.1. Construction of pBS24.1/SOD-SF2env4-5

To construct plasmid pBS24.1/SOD-SF2env4-5 a 1.2 kbp
BgllI-Sall fragment which corresponds to nucleotides 6603-
7795 (see FIG. 5) was isolated from pSV7dARV160T-tpa
and ligated into pBS24/SOD-SF2env4 (see Section 4.2.4.3.)
which had previously been digested with Bglll and Sall.
Plasmid pSV7dARV160T-tpa is a plasmid which contains
the HIV envelope gene to which two stop codons, a HindIII,
and Sall site had been introduced at position 7798 by M13
mutagenesis with the following mutagenic primer:

5'-CTTTATATACGTCGACAAGCTTCAT-
CAGCTAAACCAA-3
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4.2.6.2. Transformation and expression

The plasmid pBS24.1/SOD-SF2env 4-5 was transformed
into yeast cells S. cerevisiae AB116 [mat a, leu 2, trp 1, ura
3-58, pro 1-1122 (prot. B), pep 4-3 (prot. A), pre 1-407 (prot.
c), cir®] as described previously [Hinnen, et al. (1978) Proc.
Natl. Acad. Sci. USA 75:1929-1933] and plated on Leu~
sorbitol plates. The cultures were grown and expression ana-
lyzed as previously described in Section 4.2.4.4. Expression
levels of the SOD/env4-5 fusion protein were approximately
15-20% of the insoluble protein fraction as estimated by
Coomassie-blue staining of PAGE-treated samples.

4.2.6.3. Protein Purification Cultures of AB116 (pBS24.1/

SOD-SF2env4-5) were grown in 3 ml Leu™, 8% glu-
cose medium overnight at 30° C. The 3 ml was inocu-
lated into 50 ml Leu, 8% glucose medium for 24 h at
30° C. The 50 ml was then inoculated into 1 liter of
YEP, 1% glucose and grown 30-48 h for induction of
protein expression. The cells expressing SOD/env 4-5
were harvested and further processed as described for
the purification of env-2 (Section 4.2.2.3.).
4.3.p31pol

4.3.1. GAP/ADH2 Promoter

The ARV248NL fragment (Section 3.4.2.3) was cloned
into pBS100 previously cut with Ncol and Sall. pBS100
(below) is a bacterial vector derived from pAB12 with a
BamHI cassette consisting of the GAP-ADH2 promoter
(i.e., the ADH-2/GAPDH promoter), an ARV-env gene as an
Ncol-Sall fragment, and the GAP terminator. The BamHI
cassette from a positive clone of pBS100/p31/GAP-ADH2
was cloned into pAB24 (Section 4.2.2.1), a yeast vector with
both ura and leu selection capabilities. Both orientations of
the cassette in this vector were screened for and used to
transform the yeast strain AB110 (Mata, ura+b 3-+b 52,
leutb 2-+b 04, or both leut+b 2-+b 3 and leut+b 2-+b 112,
pep+b 4-+b 3, his+b 4-+b 580, cir®). These cells were plated
in both ura™ and leu™ plates. Also, ura™ cells were plated onto
leu™ plates.

Three different induction procedures were done: (1). Ura~
colonies patched on ura™ plates were induced for 24 h in
YEP/1% glucose. Both a Western and a polyacrylamide gel
were run on these samples. Both results were negative. (2).
Colonies from ura™ plates patched on leu™ plates were
induced in either leu™/3% ethanol or YEP/1% glucose for 24
h. A Western and a polyacrylamide gel were run on these
samples and the results were also negative. (3). Colonies
from leu~ plates patched on leu™ plates were induced in
either leu/3% ethanol or YEP/1% glucose for 24 h. The
polyacrylamide gel showed a negative result. No Western
was run on those samples.

Plasmid pBS100 is a yeast expression cassette vector
cloned into a pBR322 derivative, pAB12. The expression
cassette contains the hybrid ADH-2/GAPDH promoter and
the GAPDH terminator flanking a gene segment from the
envelope gene. The ADH-2/GAPDH promoter is a 1200 bp
BamHI-Ncol fragment isolated from pJS103 (Section
4.2.3.2) and the GAPDH terminator is a 900 bp Sall-BamHI
fragment isolated from plasmid pPGAP1 (Section 4.2.1.1).
Plasmid pBS100 also contains a non-essential fragment
between the Ncol and Sall sites which is replaced by gene
fragments of interest. The expression cassette can be
removed from pBS100 by digestion with BamHI and cloned
into yeast shuttle vectors for introduction into yeast cells.

Plasmid pAB12 is a pBR322 derivative lacking the region
between the single HindIII and Sall sites and containing a
BamHI linker inserted between the unique EcoRI site. This
vector was constructed by digesting pBR322 to completion
with HindIII and Sall, followed by limited digestion with
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Bal31 nuclease, repair of the ends so created with the Kle-
now fragment of E. coli DNA polymerase I, and blunt-end
ligation with T4 DNA ligase to reform closed covalent
circles. The plasmid was then opened up with EcoRI, treated
with the Klenow fragment of E. coli DNA polymerase I (to
fill-in the 5' overhangs), blunt-end ligated with BamHI
linkers, digested with BamHI to remove excess linkers, and
then ligated to form closed circles.

4.3.2. GAP Promoter

The pBS100/p31/GAP-ADH2 plasmid was cut with
BamHI and Ncol and the fragment containing the p31 gene
(Ncol-Sall) and the GAP terminator (Sall-BamHI) was gel
purified. pCl/1-alpha 1 antitrypsin/GAP was also cut with
Ncol and Sall and the fragment including the GAP promoter
(Ncol-BamHI) and a portion of pCl/1 (BamHI-Sall) was gel
isolated as well. Both fragments were ligated with the yeast
vector pCl/1 previously cut with BamHI and Sall. The
BamHI cassette can only be cloned in a single orientation in
this case. The resulting DNA was used to transform yeast
strains AB110 and PO17 (Mata, leut+b 2-+b 04, cir®) and the
cells were plated on leu™ plates. The transformation using
strain PO17 gave no transformants.

Colonies from leu™ plates were grown in 3 ml of leu™/2%
glucose for 24 h. Yeast was analyzed on polyacrylamide gels
stained by Coomassie Blue with negative results. No West-
ern was run on these samples.

4.3.3. SOD-D31 Fusion Protein

The construction of the p31 pol expression vector is
shown schematically in FIG. 23. The DNA and amino acid
sequences of the SOD/p31 insert are shown in FIG. 24.

4.3.3.1. pCl/1-pSP31-GAP-ADH2

For the construction of a gene for a fused protein SOD-
p31 to be expressed in yeast, plasmid pSI14/392 was used.
This plasmid contains the SOD gene fused to the proinsulin
gene under the regulation of the ADH-2/GAP promoter. The
pro-insulin gene is located between EcoRI and Sall restric-
tion sites. To substitute the proinsulin gene with the
ARV248NL (Section 3.4.2.3) fragment, two oligomers des-
ignated ARV-300 and ARV-301, respectively, were synthe-
sized using phosphoramidite chemistry. The sequences gen-
erate cohesive ends for EcoRI and Ncol on each side of the
molecule when the two oligomers are annealed. ARV-300
and ARV-301 have the sequences:

ARV-300 5' AATTCAGGTGTTGGAGC

GTCCACAACCTCGGTAC 5' ARV-301

Two micrograms of pS14/39-2 linearized with EcoRI were
ligated to 100 picomoles each of phosphorylated ARV-300
and dephosphorylated ARV-301 in the presence of ATP and
T4 DNA ligase in a final volume of 35 pl. The reaction was
carried out at 14° C. for 18 h. The DNA was further digested
with Sall and the fragments were resolved on a 1% low
melting point agarose gel and a fragment containing the vec-
tor plus the SOD gene (~6.5 kb) was purified as described
above and resuspended in 50 pl of TE. Five pl of this prepa-
ration were ligated to 5 pul of ARV248NL in 20 pl final vol-
ume for 18 h at 14° C. and 5 pl used to transform competent
HB101 cells. The resultant plasmid was called pSP31.
Twenty pg of this plasmid were digested with BamHI and a
fragment of about 2900 bp was isolated by gel
electrophoresis, resuspended in TE and ligated to pCl/1 pre-
viously cut with BamHI. This DNA (the pCl/1-pSP31-GAP-
ADH?2 derivative) was used to transform HB101 and trans-
formants with the BamHI cassette were obtained.
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4.3.3.2. Transformation and Expression

Yeast strains 2150, PO17, and AB110 were transformed
with the pCl/1-pSP31-GAP-ADH2 derivative, both short
and long orientations. The strain 2150 gave no transfor-
mants. All other transformants were patched on leu™ plates.

Yeast strain PO17 (Mat a, leu 2-04, cir®) was obtained by
isolating a spontaneous revertant strain 21502-3 (Mat a, ade
1, leu 2-04, cir®). To isolate the revertant PO17, 2150-2-3
yeast cells were grown in YEPD, washed in medium without
adenine and about 6x10® cells were plated onto six adenine
minus (ade”) plates. Four candidate revertants were tested
for other genetic markers by steaking on plates without ura-
cyl (ura™), plates with no leucine (leu™), and minimal plates
plus leucine. Growth was observed on ura™ and minimal plus
leu plates; no growth was observed on leu™ plates. Rever-
tants were crossed with strain AB103.1 (Mat a, pep 4-3, leu
2-3, leu 2-112, ura 3.52, h is 4-580) to determine if the
reversion was due to extragenic suppression. Based on tetrad
analysis, none of the four independent ade™ revertants were
due to extragenic suppression. Based on good growth and
high spore viability, one of the revertants was selected and
named PO17.

Three different kinds of inductions were tried: (1) PO17
colonies were induced in either a 10 ml culture of YEP/1%
glucose or a leu7/3% ethanol culture for 24 h. The yeast
pellets were analyzed by both polyacrylamide gels and
Westerns and even though the Coomassie-stained gel
showed a negative result, the western did light up a band of
the correct molecular weight with both induction methods.
(2) PO17 colonies were induced in a 30 ml culture of YEP/
1% ethanol for 48 h. Aliquots were analyzed by PAGE at
various time points during the induction. The Coomassie-
stained gel shows a band in the correct molecular weight
range (47-50 kd) that appears after 14 h in YEP/1% ethanol
and reaches a maximum intensity at 24 h of induction. The
Western result correlates well with the Coomassie-stained
gel, showing strong bands at 24 and 48 h. (3) AB110 colo-
nies were induced in either leu™/3% ethanol or YEP/1% glu-
cose for 24 h. PAGE and Westerns were run and the results
were negative for the PAGE and positive for the Western, in
both induction methods.

Expression and immunoreactivity were characterized as
described below.

Cells from one patch PO17 (pCl/1-pSP31/GAP-ADH2)
were inoculated in 50 ml of leu™/7.1% glucose and grown
overnight at 30° C. The saturated culture was inoculated into
500 ml of the same leu™/7.1% glucose medium and incu-
bated overnight at 30° C. The saturated 500 ml culture was
used to inoculate a 10 L fermenter with YEPD. Cells were
then harvested about five days later.

A sample of cells from the fermenter were analyzed by
PAGE electrophoresis to determine expression levels of p31-
SOD. In addition, Western analysis using a Trimar serum
was performed on the samples to determine its immunoreac-
tivity.

The following procedure was used to prepare samples for
PAGE and Westerns:

a. Cells (4 g) were resuspended in 7 ml of lysis buffer (50
mM Tris-HC], pH 8.0, 1 mM EDTA, 150 mM NaCl, 1 mM
PMSF) in a centrifuge tube and 4 ml of yeast-size glass
beads were added.

b. Cells were vortexed at top speed in a VWR vortex for
10 minutes (1 min. on ice, 1 min. vortexing).

c. The cell lysate was centrifuged at 18,000 rpm (39,000
g) for 10 minutes in a JA 20 rotor. Both insoluble (pellet) and
soluble (supernatant) fractions were further analyzed.

d. The supernatant was diluted in sample buffer (1/4
dilution), boiled 10 minutes and cooled to room temperature.
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e. The pellet obtained in “c” was boiled during 10 minutes
in sample buffer (5 ml) and cooled to room temperature. The
mixture was centrifuged at 18,000 rmp (39,000xg) for 15
minutes in a JA 20 rotor. The supernatant was recovered and
was diluted 1/4 in sample buffer.

f. Samples from the supernatant (obtained in “d”) and
solubilized pellet (obtained in “e”) were loaded on a 12%
PAGE. A band corresponding to SOD-p31 (between MW 68
and 43 Kd) was present in the insoluble fraction (samples of
solubilized pellet).

Immunoreactivity of SOD-p31 band was tested by West-
ern Analysis using serum Trimar 0036 from an AIDS patient.
For this purpose, proteins were fractionated on a 12% PAGE
as previously described and transferred to nitrocellulose fil-
ter paper. The filter paper was then treated with serum 0036,
followed by a second goat anti-human antibody conjugated
with horseradish peroxidase (HRP). Color was developed
using an HRP substrate. Bands corresponding to p31-SOD
were present in samples corresponding to the insoluble
(Pellet) fractions. Bands of smaller size, present in both
soluble and insoluble fractions, also react with the sera and
most probably correspond to degradation products of SOD-
p31.

4.3.3.3. Purification and Characterization

Frozen bacteria (Section 3.5) or yeast cells expressing the
p31-SOD fusion protein are thawed at room temperature and
suspended in 1.5 volumes of lysis bufter (20 mM Tris-Cl, pH
8.0, 2mM EDTA, 1 mM PMSEF, for bacteria; 50 mM Tris-Cl,
pH 8.0, 2 mM EDTA, 1 mM PMSF for yeast), and mixed
with 1 volume of acid-washed glass beads.

Cells are broken for 15 min in a non-continuous mode
using the glass chamber of a Dynomill unit at 3,000 rpm,
connected to a -20° C. cooling unit. Glass beads are
decanted for 2-3 min on ice, the cell lysate is removed. The
decanted glass beads are washed twice with 30 ml of lysis
buffer at 4° C. The cell lysate is centrifuged at 39,000xg for
30 min.

The pellet obtained from the above centrifugation is
washed once with lysis buffer, after vortexing and suspend-
ing it at 4° C. (same centrifugation as above). The washed
pellet is treated with 0.2% SDS (for bacteria) of 0.1% SDS
(for yeast) in lysis buffer and agitated by rocking at 4° C. for
10 min. The lysate is centrifuged at 39,000xg for 30 min.
The pellet is boiled in sample buffer (67.5 mM Tris-Cl, pH
7.0, 5% B-mercaptoethanol, 2.3% SDS) for 10 min and cen-
trifuged for 10 min at 39,000xg. The supernatant is recov-
ered and further centrifuged at 100,000xg for 60 min (60 Ti
rotor). This step is replaced by a 0.450 um filtration when
yeast is used. The supernatant from the above centrifugation
is loaded (maximum 50 mg of protein) on a gel filtration
column (2.5%x90 cm, ACA 34 LKB) with a flow rate of 0.3-
0.4 ml/min, equilibrated with phosphate-buffered saline
(PBS), 0.1% SDS. The fractions containing SOD-p31 are
pooled and concentrated either by vacuum dialysis or using a
YMS5S Amicon membrane at 40 psi. The protein is stored at
-20° C. as concentrated solution.

Gel electrophoresis analysis shows that the SOD-p31 pro-
tein migrates having a molecular weight of about 46 kd and
is over 90% pure.

4.4. Reverse Transcriptase (RT)

The AIDS retroviral reverse transcriptase (RT) is an RNA-
dependent DNA polymerase found in virions in low quanti-
ties. RT is encoded within a domain of the viral pol gene.
The mature enzyme is derived by proteolytic processing
from a large polypeptide precursor whose cleavage is
thought to be mediated by a viral protease.

The amino terminal sequence of HIV RT has been
reported [Veronese et al. (1986) Science 231:1289-1291]
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and corresponds to proline-156 of the polymerase gene
(nucleotide 2403, FIG. 5). The carboxy terminal end of the
RT gene is estimated to be at valine-691 (nucleotide 3708).

4.4.1. pAB24/RT4 Expression Vector

A 6.1 kb EcoRI fragment of cloned proviral DNA was
cloned into pUC19 at the EcoRlI site and designated pUC-
ARVS8A. Plasmid pUC-ARV8A was digested with Ball and
Kpnl which liberates a 1535 bp fragment containing coding
sequence for amino acids proline-180 through tryptophane-
690. This fragment was extended, using synthetic
oligonucleotides, to include proline-164 at the N-terminus
and alanine-693 at the C-terminus. The synthetic DNA also
provides a methionine initiation codon.

The RT-encoding fragment was modified by the addition
of synthetic oligonucleotide adapters. The 5' synthetic DNA
has the following sequence:

5'-CATGCCTATCTCTCCAATCGAAACCGTC
3 ' -GGATAGAGAGGTTAGCTTTGGCAG

CCAGTCAAGCTTAAACCAGGTATGGATGGG
GGTCAGTTCGAATTTGGTCCATACCTACCC

CCCAAGGTCAAGCAGTGG-3"
GGGTTCCAGTTCGTCACC-5'

The 3' adaptor was a Xpnl/Sall adaptor with an in-frame stop
codon having the following sequence:

5'-CAGCATAG-3'
3'-CATGGTCGTATCAGCT-5"

The 5' adaptor contains a HindIII site within the initiation
codon so that digestion with HindIIl and Sall can facilitate
subsequent cloning of the RT sequence into additional
expression vectors.

The synthetic linkers and the cloned DNA were ligated by
standard techniques into the vector pPGAP1 (Section
4.2.1.1) which had been previously digested with Ncol-Sall
and gel isolated. The resulting expression cassette contain-
ing the GAPDH promoter, the RT gene, and GAPDH termi-
nator was excised with BamHI and cloned into pAB24
which had been previously digested with BamHI and treated
with alkaline phosphatase. The resulting expression plasmid
was designated pAB24/RT4 and is shown in FIG. 20.

4.4.2. Transformation and Expression

Plasmid pAB24-RT4 was used to transform yeast strain
AB110, and leucine prototrophs grown in leucin-deficient
media to 3 ml, followed by growth in YEPD to the 1 1 level.
Travis et al. (1985) J. Biol. Chem. 260:4384-4389.

4.4.3. Purification

Cells from a 1 1 culture were pelleted by centrifugation at
2,500 rpm for 10 min. The cell pellet was resuspended in 300
ml of 50 mM Tris-HCL, pH 7.5, 14 mM B-mercaptoethanol,
1.2M sorbitol, and 200 pg/ml Zymolyase. Spheroplast
formation, monitored by light microscopy, was allowed to
proceed for 90 min at 30° C. After a low speed
centrifugation, the pelleted spheroplasts were lysed in 40 ml
of a buffere containing 50 mM Tris-HCI, pH 7.5, 0.1% Tri-
ton X-100, and 1 mM DTT at room temperature. The yeast
lysate was clarified by centrifugation at 20,000 rpm for 2
hours and the supernatant was fractionated by stepwise
NH,SO, precipitation. Greater than 90% of RT activity was
in the 0-30% NH,SO, insoluble fraction. This NH,SO, pel-
let was resuspended in 20 ml of reverse transcriptase buffer
(RTB; 50 mM Tris-HCL, pH 7.5, 2 mM B-mercaptoethanol,
0.2 mM EDTA, 0.1% Triton X-100, 20% vol/vol glycerol)
containing 50 mM KCI. An Amicon pressure filtration
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device was used for desalting. The extract was then applied
to a cellulose phosphate column (Sigma C-2383) (2.5
cmx30 cm) preequilibrated in RTB containing 50 mM KCI.
The column was washed with 100 ml of the same buffer. A
linear gradient of 50 to 800 mM KCl in RTB was used for
elution. Individual fractions were monitored for RT activity.
The peak fractions of RT activity were between 150 and 225
mM KCI. This material (about 15 ml total) was pooled,
desalted by Amicon filtration using RTB containing 50 mM
KCl, and then applied to a single-stranded DNA cellulose
column (Sigma D-8273) (1.0 cmx10 cm) preequilibrated in
RTB at 50 mM KCI. The column was washed with 30 ml of
this buffer and eluted with a linear gradient of RTB from 50
to 800 mM KCl. Fractions were monitored for RT activity
and peak fractions were pooled.

4.4 4. Electrophoresis and Immunoblotting

Recombinant RT was analyzed by polyacrylamide gel
electrophoresis and immunoblotting techniques using AIDS
patients’ sera. The recombinant protein gave an apparent gel
mobility of approximately 66 kD, indicating an extremely
close approximation to the native p66 species, and in good
agreement with the calculated molecular weight of 62.5 kD.
It was also noted that during purification, processing of this
66 KD protein occurred giving a second major species with
an estimated molecular weight of 51x1.5 KD. This process-
ing is presumably due to a yeast protease since the region
thought to encode ARV protease was not included in this
expression construction. Previously, HIV gag-pol fusions
expressed in yeast were shown to be processed when this
protease region was included. Kramer et al. (1986) Science
231:1580-1584. That the p66 and p51 species produced in
yeast had identical N-termini (Pro.Ile,Ser.Pro.Ile, etc.) was
confirmed by gas phase sequence analysis of the purified
proteins (15 cycles; as a mixture, Panel A, lane 3). Thus,
yeast may mimic the natural maturation processes for HIV
RTs, giving rise to both p66 and p51. The sequence analysis
also showed that the N-termini methionine derived from the
synthetic initiation codon was removed in vivo.
Interestingly, the processing observed in yeast may indicate
that HIV protease is not necessarily required for this pro-
cessing event in vivo. Preliminary immunoblot analysis of
recombinant RT also indicates a high degree of reactivity
with AIDS sera. Of 20 sera tested, 19 scored positive.

4.4.5. RT Activity Assay

Analysis of recombinant RT activity by enzymatic assay
was performed on crude yeast lysates and the purified
enzyme. Cruse lysate was prepared as follows. Cells from 25
ml culture were pelleted by centrifugation at 2,500 rpm for
10 min. The cell pellet was resuspended in 7.5 ml of 50 mM
Tris-HC], pH 7.5, 14 mM B-mercaptoethanol, 1.2M sorbitol,
and 200 pg/ml Zymolyase. Spheroplast formation, moni-
tored by light microscopy, was allowed to proceed for 90
min at 30° C. After a low speed centrifugation, the pelleted
spheroplasts were lysed in 1 ml of a buffer containing 50
mM Tris-HCI, pH 7.5, 0.1% Triton X-100, and 1 mM DTT
at room temperature. The yeast lysate was clarified by cen-
trifugation.

Using the assay conditions described for RT isolated from
virions [Veronese (1986) Science 231:1289-1292], the rela-
tive activity of yeast-derived RT was assayed using various
primer template combinations. Thus, relative to (dT)~s¢
(dA), (100%), the enzyme activity with (dT)~s*(dA), was
4.3%, with (dG)~,5+(rC), was 71.1%, and with (dG)~,s*
(rC™),, was 2.4%. Yeast extracts form cells containing con-
trol plasmids gave background levels of incorporation,
excluding the possibility of host-encoded RT activity.
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In all cases, the enzyme reactions were linear for greater
than 90 minutes. The results are shown in the following
table:

Time cpm Incorporated
10 860
20’ 2110
30 2720
40 4046
50’ 3834
60’ 5360
90’ 8284

120’ 10626
160’ 11814
180’ 11750

Kinetics of recombinant reverse transcriptase activity: 6 ul of RT sample
incubated at 37° C. with 50 mM Tris-HCI, ph 7-8; 10 mM MgCl,; 10 mM
DTT; 0.1M NaCl; 0.1 mM [*H] dTTP and 15 pg of (dT)~,5*(rA), in a total
volume of 300 pl aliquots wee removed at indicated times and trichloroace-
tic acid precipitated on glass filters, washed, and dried, and their radioactiv-
ity was determined with a Beckman scintillation counter.

4.5.p25gag

4.5.1. Host-Vector System

Protein p25gag is synthesized by Saccharomyces cerevi-
siae AB110 transformed with plasmid pCl/1-p25-ADH-
GAP. Plasmid pCl/1-p25-ADH-GAP is a yeast expression
vector which contains the sequence coding for p25gag
[Sanchez-Pescador et al. (1985) Science 227:484] as well as
pBR322 sequences including the ampicillin-resistant (amp™)
gene and 2 micron (2p) sequences [Broach, in Molecular
Biology of the Yeast Saccharomyces, Vol. 1, p. 445 (Cold
Spring Harbor Press, 1981)], including the yeast leucine
(leu) 2-04 gene.

Expression of p25 is non-constitutive and it is under regu-
lation of a hybrid ADH-2/GAPDH promoter derived from
promoter sequences of the yeast alcohol dehydrogenase
gene (ADH?2) [Beier et al. (1982) Nature 300:724-728] and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
[EPO Pub. No. 120,551] and of the GAPDH terminator.
Induction of p25 expression is achieved by low concentra-
tion of glucose in the growth medium. Yeast strain S. cerevi-
siaec AB110 has the following genotype: Mat a, ura3-52,
leu2-04, or both leu2-3 and leu2-112, pep4-3, his4-580, cir®.
This strain was obtained as described below.

4.5.2. Saccharomyces cerevisiac AB110

Yeast strain S. cerevisiae 2150-2-3 (available from Lee
Hartwell, University of Washington) was crossed with yeast
S. cerevisiae strain AB103.1 transformant containing pCl/1
derivative. The diploids were sporulated and the tetrads dis-
sected. Strains were maintained on leucine selective plates in
order to ensure maintenance of the plasmid, since the parents
are auxotrophs. A series of colonies were screened for their
genotype with respect to a number of markers (Mat o, ura3,
leu2, pep4-3).

The strain AB110 has the following genotype: Mat .,
ura3-52, leu2-04 or both leu2-3 and leu2-112, pep4-3, his4-
580, cir®, and is obtained by curing the above strain AB110
(pCVl1 derivative) of its resident plasmid by growth in the
presence of leucine (absence of selective pressure) and then
selection for leu™ colonies by replica plating.

4.53. pCl/1-D25-ADH-GAP

Plasmid pCl/1-p25-ADH-GAP is a yeast expression vec-
tor which contains an “expression cassette” (see below) for
p25gag cloned into the BamHI site of vector pCl/1. Vector
pCl/1 was previously described (Section 4.1.2).

An “expression cassette” for p25gag consists of the fol-
lowing sequences fused together in this order (5' to 3'): yeast
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hybrid ADH-2/GAPDH promoter, a gene for p25gag, and
GAPDH terminator. FIG. 21 shows a schematic of the con-
struction of pCl/1-p25-ADH-GAP. The fragment shown at
the top of the figure, containing p25gag, was constructed
from ARV-2 DNA, in which the sequences coding for leu
(position 7) to an Sphl site at gly (position 90) (see FIG. 22
for amino acid numbers) were repeated by synthetic DNA. A
Pstl site (encircled in the figure) was inserted at leu (position
7) by replacing the natural CTA with a CTG codon. A natu-
ral Pstl site at Ala79 was removed by making a silent third
position change (dA to dC) in this codon. Two stop codons
(indicated by an arrow) and a Sall site (circled) were placed
adjacent to the C-terminal leu (position 232) codon by sub-
stituting synthetic DNA from the ScrFI site at pro (position
225) to the Sall using synthetic oligonucleotides. An addi-
tional methionine codon (indicated with an asterisk) was
used as the initiation codon. The PstI-Sall fragment had been
previously cloned in the construction of pGAG25-10 (see
Section 3.1.2. and FIGS. 7 & 8).

To construct the yeast expression vector, a 682 bp Pstl-
Sall fragment containing the p25gag gene was isolated from
plasmid pGAG25-10 (Section 3.1.2) and ligated with a syn-
thetic Ncol-Pstl linker, which has the following sequence:

Met Pro Ile Val Gln Asn Leu Gln
5! 3!
C ATG CCT ATA GTG CAG AAT CTG CA
(Nco) GGA TAT CAC TGC TTA G Pst

3! 5!

This was cloned into pBS100 (Section 4.3.2) which had
been previously digested with Ncol and Sall and gel iso-
lated. The BamHI expression cassette was excised from the
resulting plasmid and ligated into BamHI digested and phos-
phatased treated pCl/1 to yield pCl/1-p25-ADH-GAP. The
p25gag produced in yeast differs from that produced in E.
coli (Section 3.1.) by the presence of the naturally occurring
proline after the methionine at the N-terminus.

FIG. 22 shows the nucleotide sequence of the p25gag
insert cloned in pCl/1-p25-ADH-GAP and the amino acid
sequence derived from it. DNA sequences that are not under-
lined in the p25 region are derived directly from the ARV-2
proviral DNA. Underlined sequences were chemically syn-
thesized by the phosphoramidite method as originally
described by Beaucage & Caruthers, (1981) Tetrahedron
Lett. 22:1859.

4.5.4. Transformation and Expression Yeast cells were
transformed following the procedure of Hinnen et al. (1978)
Proc. Natl. Acad. Sci. USA 75:1929. The transformation mix
was plated onto selective leu™ agar plates. Plates were incu-
bated at 30° C. for 2 to 4 days.

Single transformant colonies were transferred into leu,
8% glucose medium and grown at 30° C. until saturation.
For induction of expression, a 1/25 dilution of the saturated
culture into YEP/1% glucose was made and the cells were
grown to saturation. Cells were harvested, lysed with glass
beads and the insoluble material was collected by centrifu-
gation. The pellet was resuspended in gel sample buffer and
boiled. Extracts were fractionated on standard denaturing
acrylamide gels. Laemmli (1970) Nature 227:680. Proteins
were visualized by staining with Coomassie blue.

The extent of expression was initially determined by
appearance of a new protein of the expected molecular
weight in extract of transformants harboring pCl/1-p25-
ADH-GAP as compared with control extracts (cells trans-
formed with vector without p25gag insert). Immunoreactiv-
ity of the p25 protein was determined by standard western
analysis [ Towbin et al. (1979) Proc. Natl. Sci. USA 76:4350]
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using human serum from an AIDS patient. The western
analysis showed immune reaction of a protein of about
25,000 daltons. No reaction was observed with non-immune
serum.

For preparation of a master seed stock, transformant cells
were streaked onto a leu™ plate and incubated at 30° C. for 2
days. Five single colonies were picked and individually
inoculated into 5 ml of leu™, 8% glucose liquid medium and
grown overnight at 30° C. A 1 ml aliquot was used to test
expression of p25 and 15% glycerol was added to the rest of
each culture. Glycerol cell stocks were aliquoted into 1 ml
vials, labeled and quickly frozen in liquid nitrogen. Aliquots
of the culture corresponding to the highest expresser were
selected as the master seed stock and stored at -70° C. The
seed stock was tested for absence of bacterial contamination.

4.5.5. Protein Purification.

Cells from the patch which gives highest expression of
p25 were used to inoculate 40-60 ml of leu™, 7.1% glucose
medium. Cultures were grown to saturation at 25-35° C.
with agitation. An aliquot (10-50 ml) of the first culture were
added to 400-600 ml of leu™ 7.1% glucose medium. Cultures
were grown to saturation at 25-35° C. with agitation. An
aliquot (100-500 ml) of the second inoculum was added to
8-12 L. of YEP/1% glucose containing 1 ml of antifoam in a
16 L fermentor. Cultures were grown for 24 to 48 hours at
25-35° C. with agitation. Following fermentation, the
approximately 8-12 L of yeast culture were centrifuged
through a continuous flow centrifuge, and the cells were
harvested.

Frozen (or refrigerated) packed cells (50-150 g portions)
were thawed and suspended in Lysis Buffer (1 mM PMSF, 2
mM EDTA, 150 mM NaCl, 50 mM Tris-HCI, pH 8.0; total
volume of cells and Lysis Buffer=280 ml), and 160-170 g of
acid-washed glass beads were added. Cells were broken in a
non-continuous system using a 300 ml glass unit of a Dyno-
mill at 3,000£500 rpm for 10-25 minutes. The exterior jacket
temperature of the Dyna-mill was maintained at -15° to
-20° C. by an ethylene glycol solution. Glass beads were
allowed to settle by letting the mixture sit on ice. The cell
lysate was decanted. Glass beads were washed with Lysis
Buffer and the wash was added to the cell lysate. The lysate
was centrifuged at 39,000xg (30-70 minutes, depending on
rotor) for 30 minutes. The pellet was discarded, and the
soluble fraction was further centrifuged at 100,000xg for 60
minutes at 2-8° C. The fatty layer (about Y4 of total volume)
was aspirated off. The supernatant was decanted, and the
pellet was discarded.

The soluble fraction obtained in the previous step was
diluted ten fold by adding 9 volumes of 0.03 M Tris-HCl, 1
mM EDTA, pH 9.0. The pH of the diluted soluble fraction
was adjusted to 9.0+0.5, then the material was chromato-
graphed at 4-8° C. on a DEAE Sephacel column equilibrated
with 0.03 M Tris-HCl, 1 mM EDTA, pH 9.0. Material was
eluted using the same buffer; absorbance of the eluate was
monitored at 280 nm, and 20-25 ml fractions were collected.
Fractions were assayed by SDS-PAGE, and those containing
p25 protein were pooled.

The pooled fractions were concentrated to a protein con-
centration of 20-25 mg/ml by ultrafiltration in an Amicon
unit under N, pressure. The concentrate was chromato-
graphed on an ACA54 (LKB) column equilibrated with at
least 1 column volume of 0.03 M Tris HC1, 1 mM EDTA, pH
9.0. Material was eluted using the same buffer; absorbance
of the eluate was monitored at 280 nm, and 10-30 ml frac-
tions were collected. Fractions containing p25 protein as
determined by SD-PAGE were pooled. The fraction pool
was concentrated to approximately 1-2 mg/ml total protein
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by ultrafiltration in an Amicon unit under N, pressure. Pro-
tein concentration of the Bulk p25 was adjusted to 1.2-1.8
mg/ml (based on Lowry assay).
4.6. P53gag

The gag proteins from the HIV retrovirus are derived from
a gag precursor polypeptide, designated pS3gag. By combin-
ing HIV DNA derived from pUC-8A, (a subclone containing
the insert from AARV-2 (8A) cloned into pUC19) with syn-
thetic oligonucleotides and cloning into a yeast expression
vector the complete p53gag precursor protein was synthe-
sized by yeast.

4.6.1. Construction of pCl/1-GAP-p53

A 1424 bp Sacl-Bglll fragment was gel isolated from
pUC-8A. This fragment corresponds to nucleotides 225 to
1650 as shown in FIG. 5. The Sall-BgllII fragment was fur-
ther digested with Hgal and then ligated with the following
oligonucleotide linker:

5'-GCCCTTTGGGAAACCAT-3"
3' -CGGGAAACCCTTTGGTACCCAC-5!

The ligated linker fragment was digested with Ncol and
BglII and then cloned into pPGAP-IGF1 which had previ-
ously been digested with Ncol and Bglll. The Ncol site of
the linker functions to regenerate the N-terminal methionine
of p53. Plasmid pPGAP-IGF1 is plasmid pPGAP1 as
described in Section 4.2.1.1. with a 220 bp Ncol-Sall frag-
ment encoding IGF-I. The IGF-I sequences only serve as a
matter of convenience due to the presence of a Bglll site 60
bp from the 3' end of the insert. The resulting plasmid,
pPGAP-p5S3/IGF1, was digested with Bglll and Sall and
ligated with a 201 bp synthetic oligonucleotide fragment
which encodes the C-terminus of the p53 protein to give
plasmid pPGAP-p53. The 1505 bp Ncol-Sall fragment con-
tains the entire coding region of p53 from amino acid
methionine-1 to glutamine-502. Plasmid pPGAP-p53 was
digested with BamHI to isolate the expression cassette con-
taining the GAPDH promoter-p53 gene-GAPDH terminator
as a 2843 bp BamHI fragment which was then cloned into
pCl/1 which had previously been digested with BamHI. The
resulting plasmid was called pCl/1-GAP-p53.

4.6.2. Transformation and Expression

S. cerevisiae strain JSC302 was constructed by transform-
ing strain AB116 to G418 resistance with plasmid pDM15
(FIG. 14). Plasmid pDM15 consists of Kluyveromyces lactis
ADHI1 promoter and terminator sequences flanking the
G418 gene, pPBR322 sequences, and a GAP promoter-ADR1
expression cassette. This integrating plasmid was targeted to
the ADR1 locus.

Plasmid pCl/1-GAP-p53 was transformed into yeast
strain S. cerevisiae JSC302 following the procedure of Hin-
nen et al. (1978) Proc. Natl. Acad. Sci. USA 75:1929. The
transformation mix was plated onto selective leu™ agar
plates. The plates were incubated at 30° C. for 2 to 4 days.
Single transformant colonies were transferred into leu~, 8%
glucose medium and grown at 80° C. until saturation. For
induction of expression, a 1/25 dilution of the saturated cul-
ture into YEP, 1% glucose was made and the cells were
grown to saturation. Cells were harvested, lysed with glass
beads and the insoluble material was collected by centrifu-
gation. The pellet was resuspended in gel sample buffer and
boiled. Extracts were fractionated on standard denaturing
polyacrylamide gels. Proteins were visualized by staining
with Coomassie blue dye. A band of the appropriate molecu-
lar weight for p53 was present in the cultures transformed
with pCl/1-GAP-p53 but not in control extracts of JSC302.

20

25

30

35

40

45

50

55

60

65

58

4.6.3. Protein Purification

Cultures of JSC302 (pCl/1-GAP-p53) were grown under
the conditions described above except that the culture in
YEP, 1% glucose was allowed to grow for only 24 hours.
Cells were harvested and processed using the glass bead
lysis procedure with Triton lysis buffer. Triton Lysis Buffer
(0.1%, Triton X-100 (10 mM Tris HCI1 8.0), 62.5 mM EDTA
pH 8.0, 50 mM, Tris HCI pM 8.0). The proteins were pre-
cipitated with 40% NH,SO,. The pellet was resuspended in
H,O and dialyzed with 50 mM phosphate pH 7.0, 1 mM
EDTA, 1 pg/ml Leupeptin, 1 pg/ml Leupeptin, 1 pg/ml
Aprotinin, 1 mM PMSF (Phenylmethyl-sulfonylfluoride).

The solution is applied to a Mono-Q resin (Pharmacia) on
a FPLC column (Pharmacia). The column is eluted with a
0-1M NaCl gradient. Fractions are collected and analyzed
by Coomassie staining western blot analysis for the presence
of p53. The peak fraction is made up to 20% glycerol. The
column may be repeated to obtain higher purity of the pro-
tein.

5. Immunoassay for Anti-HIV Abs Using Recombinant HIV
Polypeptides

Diagnostic assays based on the ELISA technique and
employing recombinantly produced viral antigens have been
developed for the detection of antibodies to HIV. Micro titer
plate based ELISAs and an immunoblot strip ELISAs have
been configured which use either three or four recombinant
viral antigens: the major core protein p25gag, the endonu-
clease region of the viral polymerase gene p31pol, and one
or two polypeptides from the envelope gene, either from
gp120 and/or gp41 coding regions.

5.1. ELISA-A

5.1.1. Assay Protocol

Stock solutions of purified p25gag protein (Section 3.1.5)
(1.25 mg/ml in 20 mM sodium phosphate, 0.1% SDS, pH
7.2), purified env-2 protein (Section 4.2.2) (2 mg/ml in 20
mM sodium phosphate, 0.1% SDS, pH 7.2), and purified
SOD-p31 fusion protein (Section 4.3.3) (2 mg/ml in 20 mM
sodium phosphate, 0.1% SDS, pH 7.2) were prepared.

For coating microtiter plates (Dynatech Immunolon I), 1
part each of the stock solutions of p25gag, env, and SOD-
p31 were added to 997 parts of borate coating buffer (0.05 M
borate, pH 9.0). One hundred microliters of the coating solu-
tion was added to each well, and the plates were covered and
incubated 2 h at 37° C. or 12 h at 4° C. The coating solution
was then aspirated from the wells and the plates washed 6x
with wash solution (0.137 M 0.8% NaCl, 0.05% Triton
X-100).

Serum samples were diluted 1:100 in dilution solution
(0.1% casein, 1 mM EDTA, 1% Triton X-100, 0.5 M NaCl,
0.01% thimerosal, pH 7.5) with yeast protein (strain
AB103.1) extract (1:40 dilution, approximately 2 mg protein
per ml in PBS containing 1% Triton X-100, 2 mM PMSF,
0.01% thimerosal) and E. coli protein extract (1:40 dilution,
approximately 1 mg protein per ml in PBS containing 1%
Triton X-100, 2 mM PMSF, 0.01% thimerosal) added to the
dilution solution. Extraction procedures were similar to
those described in 16 and 18 above but using nonrecombi-
nant strains. One hundred microliters of diluted serum was
added to each well and incubated 30 min at 37° C. The plates
were then washed 6x with wash solution.

Goat anti-human Ig labeled with horseradish peroxidase
(Cappel) diluted 1:8000 in dilution solution without added
yeast and E. coli extracts were added at 100 ul/well to the
plates and incubated 30 min at 37° C. The plates were then
washed 6x with wash solution. Substrate solution (10 ml
citrate buffer, 10.5 g citric acid/liter dH,O, pH to 4.0 with 6
M NaOH), 0.1 ml ABTS [15 mg/ml 2,2'-azino-di-(3-
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ethylbenzthiazolene sulfonic acid) in dH,O] and 3.33 pl
H,0, at 100 pl/well was then added to the plates and the
plates wrapped in foil and incubated at 37° C. for 30 min.
The reaction was then stopped by adding 50 ul/well of 10%
SDS. Readings were made with a Dynatech ELISA reader
set for dual wavelength reading: absorbance wavelength of 1
(410 nm) and reference wavelength of 4.

5.1.2. Results

The following sera were tested:

A. 89 consecutive blood donors from the Kansas City
Blood Bank (“normal blood donors™): log nos. 1001-1081,
1085-1092.

B. 52 sera from patients with lymphadenopathy syndrome
(LAD) or AIDS or sexual partners of persons with LAD or
AIDS (referred to as “contacts”)—all obtained from UCSF
AIDS Serum Bank panel: log nos. 4601-4652.

The positive/negative cut-off used was Sx(average back-
ground signal with diluent alone) and was determined to be
0.195. Thus, sera with signals below 0.195 were rated (-);
those above were rated (+). Each sample was also evaluated
by the commercially available ABBOTT HTLV III EIA kit
(Abbott Labs) and by Western analysis.

Tests on the normal blood donor samples indicated all
except one were negative in the invention ELISA. This nor-
mal serum scored negative in the ABBOTT HTLV-III EIA
test, but was actually positive, as confirmed by Western
analysis.

The results of the tests of the 52 sera from LAD and AIDS
patients and contacts are tabulated below:

Serum ABBOTT Invention
No. Diagnosis EIA ELISA Western
4601 Contacts + 1.89 + +
02 Contacts - 0.04 - -
03 Contacts + 1.44 + +
04 Contacts + 1.92 + +
05 Contacts - 0.04 - -
06 Contacts + >2 + +
07 Contacts + 1.37 + +
08 Contacts + 1.60 + +
09 Contacts + >2 + +
10 Contacts + >2 + +
11 Contacts + 1.94 + +
12 Contacts + >2 + +
13 Contacts + >2 + +
14 Contacts + >2 + +
15 Contacts + 1.97 + +
16 AIDS + 0.61 + +
17 AIDS + >2 + +
18 AIDS + >2 + +
19 AIDS + 1.58 + +
20 AIDS + 1.58 + +
21 AIDS + 0.76 + +
22 AIDS + 1.74 + +
23 LAD + 1.26 + +
24 LAD + >2 + +
25 AIDS + 1.04 + +
26 AIDS + 1.24 + +
27 AIDS + 1.40 + +
28 AIDS - 0.07 - -
29 LAD + 1.93 + +
30 Contacts + 1.96 + +
31 AIDS + 1.76 + +
32 AIDS + 0.90 + +
33 AIDS + 1.69 + +
34 LAD + 1.09 + +
35 AIDS + 1.54 + +
36 AIDS + 1.22 + +
37 AIDS + 1.96 + +
38 AIDS - >2 + +
39 LAD + 1.85 + +
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-continued
Serum ABBOTT Invention
No. Diagnosis EIA ELISA Western
40 LAD + >2 + +
41 LAD + 0.84 + +
42 LAD + 1.59 + +
43 LAD + 1.71 + +
44 AIDS + 1.40 + +
45 LAD + >2 + +
46 AIDS + 1.38 + +
47 AIDS + 1.29 + +
48 LAD + 1.93 + +
49 LAD +- 0.48 + +
50 LAD - 0.04 - -
51 LAD - 0.07 - -
52 LAD 1.92 + +

The above results show that the ELISA-A, using recombi-
nant HIV proteins, is at least as good as the ABBOTT HTLV
IIT EIA test or Western analysis.

In the ELISA-A reported in this example, the yeast and
bacterial extracts were added to the serum to bind serum
antibodies to yeast and bacteria to prevent such antibodies
from binding to minor contaminants in the recombinant
HIV-1 protein preparations. Both yeast and bacterial extracts
were required since the recombinant polypeptides included
polypeptides expressed in yeast and polypeptides expressed
in bacteria. If all the polypeptides were expressed in the
same type of organism, only one extract would be needed.
For instance, if a p25gag polypeptide expressed in yeast was
substituted for the bacterially produced p25gag polypeptide
of the example, only yeast extract would be added to the
serum samples.

5.2. ELISA-B

5.2.1. Assay Protocol

Frozen stocks of the following purified proteins were
thawed and used to make a solution containing: p25gag
(Section 4.5) 1.25 pg/ml, SOD-p31 (Section 4.3.3) 1.00
pg/ml, SOD-env5b (Section 3.6) 1.25% g/ml, and env-2
(Section 4.2.2) 0.50 pg/ml in 0.05 M sodium borate, pH 9.0.
For coating microtiter plates, 100 pl of the above solution
was pipetted into each well of Immulon I round bottom
microtiter plates (Dynatech Laboratories), and incubated for
2 h at 37° C. The coating solution was then aspirated from
the wells. The plates were washed three times with 200
wl/well Wash Buffer [100 mM Sodium Phosphate pH 7.4,
140 mM Sodium Chloride, 0.1% Casein (Sigma), 0.05%
Triton X-100 (Sigma), 0.01% (w/v) Thimerosal (Sigma)]
and then washed two times with 200 pl/well PBS (10 mM
Sodium Phosphate pH 6.7, 150 mM Sodium Chloride). The
plates were then post coated by incubating with 200 pl/well
of Postcoat solution [PBS, 0.1% (w/v) Casein, 2 mM PMSF
(phenylmethyl-sulfonylfluoride)] for 30 minutes at 15-30°
C. The Postcoat solution was aspirated off. The plates were
dried in a lyophilizer (such as: Virtis Unitop 600 SL
lyophilizer, Virtis Company) overnight or by incubating for
2hat25°C.

To assay samples in the ELISA-B assay, 100 ul of
Samples Diluent [100 mM Sodium Phosphate, pH 7.4, 0.5
M Sodium Chloride, 1 mM EDTA, 0.1% casein, 1% Triton
X-100, 100 pg/ml yeast extract (see below), 100 pg/ml E.
coli extract (see below), and 0.01% Thimerosal] was added
to each of the coated wells on the plates. Ten ul of the
samples to be assayed or controls were pipetted into the
wells. The plates were then sealed and incubated for 1 h at
37° C. The sample was then aspirated and the plates were
washed three times with 200 pl/well of distilled water. The
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plates were then incubated with a goat anti-human IgG-HRP
(horseradish peroxidase) conjugated antibody (available
from commercial sources, i.e., Tago or Cappel, or the conju-
gate may be synthesized by the Nakane procedure). The
anti-human IgG-HRP conjugate was diluted 1/3200 in Con-
jugate Solution 1 [PBS, 5% noral goat serum, 0.01% ANS
(8-Anilino-1-naphthalene sulfonic acid, ammonium salt),
0.01% Thimerosal]. A final dilution to 1/32000 was made in
Conjugate Diluent MT [116 mM Sodium Phosphate, pH 7.4,
0.622 M Sodium Chloride, 0.56% BSA, 2.22% normal goat
serum, 1.11% Triton X-100, 0.11% Casein, 0.0044% ANS,
0.01% Thimerosal] immediately before use. One hundred
0.01% of the diluted conjugate was added per well (except
for blank wells). The plates were sealed and incubated for 1
h at 37° C. The conjugate solution was aspirated off and the
plates were washed three times with 200 pl/well of distilled
water. Then 100 pl of Developer [made fresh: 50 mM
Sodium Citrate adjusted to pH 5.1 with 1 M Phosphoric
Acid, 0.6 ul/ml 30% H,O,, OPD tablet (Sigma) (1 tablet/5
ml of buffer) was added to each well and incubated thirty
minutes at room temperature (15°-30° C.). The reaction was
stopped by the addition of 50 ul of 4N H,SO, to each well.

The microtiter plates were analyzed on a standard ELISA
reader (such as Biotek ELISA Autoreader Model EL310,
Biotek Instruments) by reading the absorbance of developed
color at 492 nm. The results were analyzed by comparing the
values generated for the samples against an assay cutoff
valve (cut-off=0.5xaverage absorbance value for the positive
controls.)

Yeast and E. coli extracts used in the Sample Diluent were
prepared in an analogous manner to the purification process
for recombinant polypeptides in Sections 3.1.4.2-3.2.5 and
4.1.4.1-4.1.4.3, except non-recombinant strains S. cerevisiae
AB103.1 and E. coli D1210 were used.

5.2.2. Results

The ability of ELISA-B to detect the presence of antibod-
ies directed against HIV was compared to a licensed and
commercially available ELISA produced by DuPont.

493 serum samples were run in ELISA-B and the DuPont
screening ELISA. The panel of sera was composed of speci-
mens from various sources: 205 samples from CDC
(clinically screening ELISA, and 4 negative); 101 samples
from UCSF (clinically categorized as AIDS, ARC, and
contact); 187 samples obtained from Interstate Blood Bank,
Pa., (initially scored positive on licensed screening ELISA).
In this group of samples there were eight (8) discrepancies.
Four (4) samples were found positive by ELISA-B and nega-
tive in the DuPont ELISA. Correlation between the DuPont
assay and ELISA-B was 98.4%. Concensus data indicated
that of the four (4) samples found positive by ELISA-B and
negative by the DuPont ELISA, three (3) (LW 47, 4202, and
4225) were true positives (DuPont ELISA {false negatives)
and one (4279) was an ELISA-B false positive. Concensus
data also indicated that the four samples found negative in
ELISA-B and positive in the DuPont ELISA (LW 12, 20061,
20145, 20162) were negative (DuPont ELISA false
positives). For the eight (8) discrepant samples ELISA-B
differed from the concensus data in one (1) case and the
DuPont ELISA differed in seven (7) cases. Also note that
one sample was false positive in both assays.

The positivity or negativity of a specimen in these panels
was determined from the concensus results of commercial
viral ELISAs, the microtiter plate assay using recombinant
antigens, the strip ELISA, Western Blot data (when
available) and clinical data, if available.
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TABLE

Correlation of ELISA-B with the
DuPont Screening ELISA
Discrepant Samples

ELISA-B  DuPont ELISA Strip ELISA
Panels ODjopum S/CO ODaopum S/CO P-24 P-31 GP-41 GP-120
UCSF

(N =100)
CDC
(N =205)
4110 2.25 4.4 1.66 422 - 4+ 4+ *
4133 1.21 2.4 1.25 318 = - 2+ _
4204 56 1.1 33 90 _ - - _
4218 .60 1.2 237 6.4 - - - _
4225 54 1.1 .07 2 - - - _
4279 98 3.6 18 5 - - - _
Interstate
LW)
N=58)
12 28 .5 1.17 2.0 - - _
47 46 .90 .46 80 1+ - -
1.7
Interstate
N=67)
20061 22 .48 1.71 2.5 - - - -
2.1
Interstate
11
N=62)
20145 13 22 »3.00 44  _ - - -
32
20162 18 32 94 14 - + + +
1.0

S/CO =signal: cut off ratio
if — or >1.0 samples is positive

5.3. Dot Blot Assay

Nitrocellular strips (0.5x5 cm) are spotted with 50 ng
polypeptide in PBS (spotting volume 2 ). After spotting the
strips are dried at room temperature for 1 h or more. The
strips are then post-coated in a 5% solution of Carnation
non-fat dry milk in PBS, 0.01% Thimerosal, for 15-60 min at
room temperature. Each test solution sample is diluted 1:50
in 0.5 ml of the post-coating solution in a test tube. A post-
coated strip is then placed in the tube and incubated in the
sample with rocking at 37° C. for 1 h. The strip is then
removed from the tube and washed with post-coating solu-
tion. The strip is then incubated for 15 min at room tempera-
ture in goat anti-human Ig reagent labeled with horse radish
peroxidase diluted 1:500 in post-coating solution. After
incubation in the labeled antibody, the strip is washed seri-
ally with PBS, 1% Triton, and distilled water. The strips are
developed by incubating them in substrate solution (see 23
above) for 15 min at room temperature.

Positive samples will cause a visually perceptible color
change at the spotting site. Normal (negative) sera sample
yield no color change or give a faint signal that is discernible
from a positive signal. Competition assays may be run on
sera giving faint signals to verify that they are negative. In
the competition assay, polypeptide (10-25 pg/ml) is added to
the test sample and incubated from 1 h at 37° C. before the
strip is incubated in the sample. With authentic positive sera
the signal is completely blocked by the added polypeptide,
whereas with normal (negative) sera there is no change in
signal.

5.4. Immunoblot Strip ELISA Assay

In the immunoblot strip ELISA recombinant derived viral
antigens are individually coated in bands on a nitrocellulose
strip and reacted with samples to bind anti-HIV specific anti-
bodies.
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Frozen aliquots of the individual recombinant polypep-
tides were thawed and diluted to the appropriate concentra-
tion in Coating Solution [PBS pH adjusted to 7.4, 375 mg/1
Napthiol Blue Black (used only as an inert marker)] as fol-
lows: p25gag (Section 4.5) 3-4 pg/ml, SOD-p31 (Section
4.3.3) 1-1.6 pg/ml, SOD/env-5b (Section 3.6) 1.0 pg/ml,
env-2 (Section 4.2.2) 0.5 pg/ml. The individual protein solu-
tions were coated as individual bands on a sheet of nitrocel-
lulose paper; BASSNC™; Schleicher & Schuell, Inc.,
Keene, N.H., (pre-wetted with PBS buffer). The coating
apparatus can be any apparatus which allows for solutions to
be applied to filter paper under vacuum pressure as discrete
bands, such as Minifold® II Slot-Blot System; Schleicher &
Schuell.

The coated sheets are dried overnight. The dried, coated
sheets are immersed for five minutes in Blocking Buffer
(PBS, 1% (w/v) Casein, 0.01% Thimerosal, pH adjusted to
7.4) and then dried overnight. The coated and blocked nitro-
cellulose sheets were attached to a backing sheet of paper
with double faced tape and then cut into individual strips
which contain the individual bands corresponding to each of
the recombinant viral antigens.

The sample to be assayed was diluted 1/100 with Sample
Diluent by adding 10 pl of the sample to 1 ml of Sample
Diluent [PBS, 0.1% Casein, 1 mM EDTA, 2.0% Triton
X-100, 1 mg/ml Yeast extract, 500 pug/ml E. coli extract, 0.2
ug/ml'YP45 extract, 0.01% Thimerosal, pH adjusted to 7.4].
The strips were then individually soaked in the diluted
sample solution with agitation for 2 h at room temperature
(15° to 30° C.). The strips were removed from the diluted
sample solution and washed four times with water. The
strips were then incubated with 1 ml/strip of Goat anti-
human IgG-HRP conjugate diluted in Conjugate Buffer
[PBS pH 7.2, 0.3% Casein, 5% normal goat serum, 0.01%
ANS, 0.01% Thimerosal] with agitation for 30 minutes at
room temperature (15°-30° C.).

The strips were removed from the conjugate solution and
then washed three times with water. The strips were then
incubated with 1 ml/strip of Developer Buffer [10 mM
Sodium Phosphate, 20 mM Sodium Chloride, 0.8 ul/ml 30%
hydrogen peroxide, 0.05% (w/v) 4-chloro-1-naphthol,
16.6% methanol] with agitation for 15 minutes at room tem-
perature (15°-30° C.). The reaction was stopped by remov-
ing the strips from the Developer Buffer and washing two
times in water. The color developed on the band is compared
with positive control bands (IgG applied at 0.25 ng/ml and
1.25 pg/ml).

Yeast and bacterial proteins were used to preabsorb antis-
era for cross-reactive antibodies. Yeast extract was prepared
by processing bulk yeast S. cerevisiae (Red Star Yeast, grade
1; Red Star, Oakland, Calif.) through the standard lysis pro-
cedure as described previously for the purification of yeast
recombinant proteins. The insoluble cellular debris was
separated from the soluble protein fraction. The E. coli
extract was prepared by growing E. coli strain D1210
(pSODCEF2), lysing the cells, and solubilizing the pellet as
described in Section 3.6.4. YP45 extract is a yeast protein
and was prepared by growing S. cerevisiae AB110 and fol-
lowing the purification procedure described in Section
4.3.3.3. A 45 kd yeast protein was purified which helps in
preabsorbing nonspecific cross-reactive antibodies found in
some area.

6. Serology Studies with Recombinant HIV Polypeptides
6.1 Immunoblot with Env Polypeptides

Recombinant polypeptides originating from different
regions of the env gene of the ARV-2 isolate of HIV (Section
4.2) were used to characterize the anti-envelope antibody
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response of virus seropositive individuals. The sera charac-
terized included specimens from AIDS patients, ARC
patients and clinically healthy homosexual men with docu-
mented exposure to the virus through sexual contact with
AIDS or ARC patients (contacts).

Regions of the envelope gene of the ARV-2 isolate of HIV
were cloned into yeast expression vectors (env-1, env-2, env-
3) or bacterial expression vectors (env-5b), and used to pro-
duce recombinant proteins as described in Sections 3 and 4.

Extracts of yeast for SDS polyacrylamide gel electro-
phoresis were prepared as follows: 1 ml of yeast grown to 20
0.D. (A450) were pelleted and suspended in 200 pl of elec-
trophoresis sample buffer. The mixture was boiled for 10
min and then centrifuged at 12,000 g for 2 min to remove
cell debris prior to electrophoresis. To prepare bacterial
extracts for gel electrophoresis, bacterial cells from 1 ml of
culture were pelleted, suspended in 200 pl of electrophoresis
sample buffer, and disrupted by 3 cycles of freezing and
thawing. The mixture was boiled for 10 minutes prior to
electrophoresis.

Yeast or bacterial extracts were electrophoresed on stan-
dard Laemmli discontinuous SDS-polyacrylamide (12%
acrylamide) gels using a Biorad Laboratories minigel appa-
ratus. Laemmli (1970) Nature 227:680-685. The extracts
(100 pul) were loaded into an 8 cm well in the stacking gel
prior to electrophoresis. Following electrophoresis, proteins
were transferred to nitrocellulose filters. Towbin et al. (1979)
Proc. Natl. Acad. Sci. USA 76:4350-4355. Strips of the filter
with the electroblotted lysates were cut and each strip
reacted with an individual serum sample diluted 1/100.

Sera from 85 seropositive individuals, including AIDS
patients, ARC patients, contacts and clinically healthy
individuals, as well as a pool of sera from normal human
blood donors, were assayed on env-1, env-2 and env-3. The
blots were processed with Carnation nonfat dry milk as
described previously. Johnson et al. (1984) Gene Anal.
Techn. 1:3-8. The enzyme conjugate (diluted 1/200) was
goat antiserum to human immunoglobulin G (Cappel
Laboratories) and the chromogen was HRP color reagent
(4-chloro-1-Napthol; Biorad Laboratories).

Positive immunoblot assays obtained with env-1, -2, and
-3 are shown in FIG. 30. A prominent band at 28,000 was
seen in the env-1 blot with a patient’s serum with anti-env-1
antibodies. In the immunoblot of env-2, the antibody-
positive serum reacted with a protein of approximately 55
kD. With env-3, the positive serum reacted with a series of
bands migrating between 30,000 and 35,000. The multiple
immunoreactive species in the env-3 immunoblot are due to
differences in glycosylation (see Section 4.2.3) of this
polypeptide during its synthesis in yeast. Five potential gly-
cosylation sites are contained within the coding region for
env-3.

The results of assays of the reactivity of sera obtained
from the various patient groups in the 85 serum panel with
the env-1, env-2 and env-3 are presented in table below:

Clinical Number Number Reacting With:

Group Tested env-1 env-2 env-3
Contacts 21 4 (19%) 21 (100%) 21 (100%)
ARC 26 3(12%) 26 (100%) 26 (100%)
AIDS 38 6 (16%) 36 (95%) 36 (95%)

All of the specimens selected for this analysis were posi-
tive in an enzyme-linked immunosorbent assay (ELISA) for
antibodies to the AIDS retrovirus. Weiss et al. (1985)



US RE41,158 E

65

JJAM.A. 253:221-225. Sera from all of the contacts and
ARC patients had antibodies that reacted with env-2 and
env-3 indicating that they had antibodies to both gp120 and
gp41 that could be detected with these non-glycosylated
polypeptides in immunoblot assays. Thirty-six of the 38
AIDS patients (95%) had antibodies that reacted with env-2.
The same thirty-six sera also reacted with env-3. The two
AIDS sera that did not react in immunoblot assays with
env-2 or env-3 either lacked antibodies detected using these
recombinant antigens, or their antibody titers were below the
limit of detection in these assays, at least in generating an
immune response to sequential epitopes.

When these sera were tested in immunoblot assays with
env-1, only a minority in each diagnostic group scored posi-
tive. The percentage of contacts, ARC patients and AIDS
patients with antibodies to env-1 with 19%, 12% and 16%,
respectively. Since env-1 corresponds to the amino-terminal
half of env-2 (amino acids 26-491, the majority of gp120),
this observation suggests that the carboxyl terminal portion
of' gp120 is much more immunogenic in infected individuals
than the amino-terminal half of the polypeptide, at least in
generating an immune response to sequential epitopes.

Because the env-1 polypeptide was also represented in
env-2, it could not be determined directly from the immuno-
blot results if env-1 positive sera reacted exclusively with
env-1 or were also reactive with the carboxyl-terminal half
of env-2. To evaluate the reactivity of env-1 positive sera
with the carboxyl-terminal half of env-2, competition
experiments were carried out. Sera were reacted with env-1
and env-2 in immunoblot assays in the presence or absence
of'an excess of env-1 in the serum diluent. An env-1 positive
serum, diluted 1/100, was incubated with: env-1 immunob-
lot with no addition, env-1 immunoblot with 50 ng/ml env-1
in diluent, env-2 immunoblot with no addition, env-2 immu-
noblot with 50 pg/ml of env-1 in diluent and env-2 immuno-
blot with 50 pg/ml of env-2 in diluent. The reactivity of the
env-1 serum sample with the env-1 blot was completely
eliminated by preincubation with env-1. However, reactivity
with the env-2 blot was still evident. Similar results were
observed with all of the env-1 positive sera, indicating that
they all reacted with the carboxyl terminal as well as the
amino terminal half of the gp120 polypeptide.

Immunoblots of extracts from bacteria expressing a subre-
gion of gp41 (aa 557-667) as an hSOD fusion, referred to as
env-5b, with an AIDS patient’s serum, showed a prominent
immunoreactive species at 32,000 daltons that was absent
from immunoblots of extracts from bacteria transformed
with the vector lacking the env insert (Section 3.6). This was
approximately the molecular weight expected for a polypep-
tide coded for by the sum of the hSOD and env gp4l
sequences. Twenty serum samples shown previously to con-
tain antibodies that reacted with env-3 in immunoblot assays
were reacted with env-5b immunoblots. All 20 specimens
reacted with the fusion protein.

Immunoblot assays detect antibodies which recognize
principally sequential determinants. The results presented
here indicate that virus seropositive individuals frequently
have mounted immune responses to sequential epitopes
within the carboxyl terminal half of the gp120 polypeptide.
In addition, such individuals have also mounted immune
responses to sequential epitopes within gp41 (env-5b). The
prevalence of antibodies to these two env regions detected
by using recombinant polypeptides from a single virus iso-
late suggests that there are epitopes within both regions that
are highly conserved. The failure of most virus seropositive
specimens to react with the amino terminal half of gp120
represented by env-1 may indicate that there are not such

20

25

30

35

40

45

50

55

60

65

66

highly conserved immunodominant sequential epitopes
within this region. These data suggest that either the amino
terminal region of gp120 is a poor immunogen in humans, or
humans respond in a strain-specific fashion so that only
those individuals infected with a highly homologous virus
are detected with env-1 from ARV-2. Another explanation
centers around the possibility that conformational epitopes
may be a feature of the N-terminal portion of gp120; immu-
noblotting would miss antibodies directed at conformational
determinants. Another possible explanation is that the
immunogenicity of the amino terminal region of gp120 is
masked by glycosylation or by structural constraints due to
association of gp120 with gp41 and/or the viral membrane.

It was also found that all sera reacting in immunoblots
with env-3 also reacted with the fusion protein env-5b. In
fact, several sera that were only weakly positive on env-3
were clearly positive on env-5b. The sensitivity of an immu-
noblot assay is limited by the amount of antigen that is
present in the preparation. Since env-5b expression levels
were high compared to the levels of expression of env-3 in
yeast (env-5b represented approximately 2-5% of the total
bacterial protein, whereas env-3 was less than 0.1% of the
total yeast protein), it was not unexpected the env-5b immu-
noblot assays were more sensitive than the env-3 immunob-
lot assays.

6.2 ELISA with Env Polypeptides

To provide a quantitative assessment of the antibody
response detected using these recombinant polypeptides rep-
resenting regions of two subunits of the HIV envelope glyco-
protein complex, env recombinant polypeptides (Section
4.2) were purified and enzyme-linked immunosorbent
assays (ELISA) configured.

Test sera were the same as described in Section 6.1. The
ELISA procedures were modifications of those described
previously. See Brun-Vezinet et al. (1984) Lancet 1:1253-
1256; Saxinger et al. (1983) Lab. Invest. 49:371-377; Weiss
etal. (1985) J.AM.A. 253:221-225; Steimer et al. (1986) J.
Virol. 58:9-160.

For virus ELISAs, microtiter plates (Dynatech, Immulon
1) were coated with 5 pg/ml of SDS-disrupted sucrose gradi-
ent purified ARV-2 virus. Human serum samples, diluted
1/100, were added to the wells and the plates incubated at
37° C.: After 1 h, the plates were washed and goat antiserum
to human immunoglobulin conjugated with horseradish per-
oxidase (Cappel Laboratories) and diluted 1/4000 was added
to the wells. The plates were incubated for 30 min. at 37° C.,
washed and the substrate solution (150 pg/ml, 2,2'-azino-di-
3'-ethylbenzylthiazoline sulfate in 0.1 M citrate, 0.001%
H,0,, pH 4.0) was added for 30 minutes. The plates were
read on a ELISA reader at 415 nm with a reference wave-
length of 600 nm. Samples were scored as positive when
their assay result was greater than five times the absorbance
obtained with the negative control pooled normal human
serum (NHS).

For recombinant env polypeptide ELISAs, microtiter
plates were coated with 2 pg/ml of purified env-2 or env-5b
(Section 7.1). Serum samples were assayed for antibodies to
these antigens by the procedure described above. Included in
the serum diluent for the env-2 antibody ELISA was
included extract (final concentration 100 pg/ml) from yeast
transformed with the vector alone lacking the env-2 insert.
Similarly, 100 pg/ml of an extract from untransformed E.
coli was added to the diluent for the env-5b antibody ELISA.

FIG. 16 (panel A) shows the results of a titration of anti-
bodies in an AIDS patient’s serum that reacted with env-2.
Pooled normal human serum (NHS) (0) and serum 0036
from an AIDS patient( ) were diluted 1/25 and then by serial
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2-fold dilutions. The titer of env-2 antibodies in this particu-
lar serum specimen was approximately 1400. The signal
with the control sample (NHS) was low at all dilutions.

Env-5b was purified and used as antigen in an ELISA for
antibodies to the gp41 polypeptide. FIG. 16 (panel B) shows
the results of a titration of env-5b antibodies in the same
serum sample that was titered previously in the env-2
ELISA. No appreciable signal was seen with NHS.

Serum samples from 88 blood donors, all seronegative in
an ELISA for AIDS retrovirus antibodies were tested at a
dilution of 1/100 in the env-2 and env-5b antibody ELISAs
(FIG. 17). The average signal in the env-2 antibody ELISA
was 0.045+0.033 with a range of 0 to 0.149. In the env-5b
ELISA these same sera yielded an average signal of
0.034+0.030 with a range of 0 to 0.144. The cut-off for both
assays was set at five times the average signal of these 88
seronegative specimens. For the env-2 antibody ELISA the
cut-oft was 0.225, and for the env-5b assay it was 0.170.

The results of the env-2 and env-5b ELISAs with the same
panel of virus seropositive specimens described previously
(see the table in Section 7.1) are presented in FIG. 18. The
dotted line in the top panel designates the cut-off (0.174) in
the env-2 ELISA.

The dotted line in the bottom panel (0.154) is the cut-off
in env-5b antibody ELISA. Each data point is the average of
duplicate assays. All of the sera, regardless of diagnosis,
yielded the maximum signal in the env-5b antibody ELISA.

Serum antibodies were clearly detected in the env-2
ELISA with specimens from 20 of the 21 contacts, 24 of the
25 ARC patients, and 35 of the 38 AIDS patients. The
remaining five sera, one from a contact, one from an ARC
patient and three from AIDS patients, are considered to be
borderline. The contact and ARC sera scored just below the
assay cut-off while the three AIDS sera scored just above the
cut-oft. These same sera were all clearly positive in the env-
5b antibody ELISA.

FIG. 19 compares antibody titers of the above sera for
both env-2 and env-5b. These serum samples were assayed
in the env-2 and env-5b ELISAS at dilutions ranging from
1/100 to 1/51,200. The titers reported are the dilution at
which half-maximum absorbance was attained. The env-2
titers are shown as dark circles, and the env-5 titers are open
circles. The horizontal lines show the mean titers of sera in
each group. Borderline sera (less than 0.15 above assay cut-
off) are shown as “+”. Sera with titers below 1/100, but not
borderline, are plotted as having titers of 1/100.

Antibody titers in sera obtained from all three groups
were higher to env-5b than to env-2). The average titer of
env-2 antibodies in sera obtained from contacts was 2224
(range <100-7975) compared to an average titer of env-5b
antibodies of 8988 (range 650-25,000). Among the ARC
patients the average env-2 and env-5b antibody titers were
2480 (range <100-12,800) and 12,560 (range 42062,000),
respectively. Finally, for AIDS patients the average env-2
antibody titer was 1394 (range <100-12,800) compared to an
average env-5b antibody titer of 7059 (range <100-42,000).

The ratio of env-5b to env-2 antibody titers was 5.06, 4.04
and 5.06 for contacts, ARC patients and AID patients respec-
tively. Since these ratios remain constant, regardless of
diagnosis, it is unlikely that there is a selective decline in the
antibody titer to one or the other of the env polypeptides with
progressive disease. Instead, it indicates that individuals
with low titer antibodies to one env polypeptide tend to have
low titers of antibodies to the other polypeptide. Examining
the env-5b antibody titers of those individuals with low
(<200) titers of env-2 antibodies (table below) supported this
conclusion; these sera all had correspondingly low env-5b
antibody titers.
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Serum Clinical Env-2 Antibody Env-5b Antibody
Number Group Titer Titer
4687 Cc* <100 1300
4623 ARC 115 3100
4648 ARC 125 1000
4672 ARC <100 590
4677 ARC <100 450
4685 ARC 170 420
4616 AIDS <100 430
4619 AIDS 100 900
4620 AIDS 130 620
4625 AIDS <100 1500
4626 AIDS 100 4300
4627 AIDS 100 200
4631 AIDS 170 500
4637 AIDS 190 480
4653 AIDS <100 2500
4654 AIDS 100 400
4660 AIDS 100 760
4664 AIDS 155 300
4667 AIDS 100 680
*Contacts.

6.3 ELISA with Gag Polypeptides

Large-scale purification of p25gag from bacterial extracts
(Section 3.1.5) provided sufficient antigen for a survey of
p25gag seropositivity among various risk and patient
groups. These sera were tested first in a virus ELISA to
identify those with antibodies to the virus and then in the
p25gag ELISA to determine the proportion of virus serop-
ositive individuals with antibodies to p25gag.

Ninety-six sera from random blood donors, all of whom
were negative for AIDS virus antibodies in the virus ELISA,
scored negative in the ELISA for p25gag antibodies. The
average signal in the p25gag ELISA of these sera was
0.034£0.016 optical density units (OD) with a range of
0.011 to 0.089 (not shown).

A panel of 100 sera was then examined, consisting of 28
specimens from high-risk individuals with no symptoms of
the disease, but with potential exposure to the virus through
sexual contact with AIDS patients (contacts), 33 sera from
patients with AIDS-related complex (ARC), and samples
from 39 patients with AIDS. Eighty-six of the 100 speci-
mens were positive in the virus ELISA, an indication that
these individuals had mounted an immune response to one or
more viral antigens. The number of virus ELISA positive
contacts was 21 (75%), ARC patients was 27 (81.8%), and
AIDS patients was 38 (97.4%). The results of the p25gag
antibody ELISA of these specimens are summarized in the
table below. Of the 86 sera from the total panel that were
positive in the virus ELISA, only 34 (39.5%) scored positive
in the p25gag ELISA. When the results were grouped
according to diagnosis, however, the contacts had the highest
number of virus seropositive individuals with antibodies to
p25gag (71%), the ARC patients were intermediate (48%),
and the AIDS patients were the lowest (16%). Also tested
were the 14 virus ELISA negative specimens from this panel
of 100 sera in the p25gag ELISA, and all scored negative
(not shown).

The data presented in the table suggest that with an
increase in the severity of the disease, there is a decline in the
proportion of virus seropositive individuals with antibodies
to p25gag. To determine the significance of the observed
differences in p25gag seropositivity between groups, we
used an X2 test with pairwise comparison of groups. This
analysis shows that the probability that the observed differ-
ences in frequency of p25gag seropositivity between the
contacts and AIDS patients could have been due to chance
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was less than 1 in 2000. Similarly, the probability that the
difference between ARC and AIDS patients was due to
chance was very small (1 in 200). A comparison of contacts
and ARC patients, however, gave a higher probability (1 in
10) that the observed difference was due to chance. A larger
sample size would be required to establish the significance
of this difference with greater certainty.

These results suggest that monitoring p25gag seropositiv-
ity of individuals infected with the AIDS retrovirus might be
of diagnostic value. Although patients with more severe
forms of the disease clearly have antibodies to other viral
antigens, such as the envelope glycoproteins [Barin et al.
(1985) Science 228:1097; Montagnier et al. (1985) Virology
144:283], they are less likely than those in earlier stages to
have antibodies to p25gag.

The above results were obtained with p25gag antigen pro-
duced in E. coli. Similar results have been seen with the
antigen produced in yeast.

p25gag Antibody ELISA of Virus
Seropositive Specimens®

Number
Category or diagnostic scoring Percentage®
(number in group) positive positive
Contacts (21) 15 71
ARC patients (27) 13 48
AIDS patients (38) 6 16
total (86) 34 39

*Samples were categorized as virus seropositive if they yielded greater than
five times the signal obtained with normal human serum (NHS) in a virus
ELISA assay using disrupted ARV-2 virus as antigen. The p25gag antibody
ELISA procedure was as follows: ELISA plates were coated with 5 pg/ml of
p25gag purified from bacterial extracts. In the diluent was included a lysate
from untransformed E. coli. All were diluted Y100 for assay. The conjugate
was horseradish peroxidase conjugated goat antiserum to human immuno-

globulin (Cappel, No. 3201-0081).
A sample was scored as positive when the average OD reading was greater

than five times the signal with pooled normal human serum (NHS). In this
particular assay this was OD,4;, = 0.200.

6.4. Western and ELISA with Pol Polypeptides

A panel of 10 sera that scored positive in the ELISA for
viral antibodies with disrupted virus as the antigen was
selected to compare the immunoreactivity of viral p31 with
those of the two recombinant proteins. This panel included
eight sera that were positive and two sera that were negative
for antibodies to viral p31 in virus immunoblots. Lysates of
pTP31.2 (Section 3.4.2) and pTSp31 (Section 3.5) transfor-
mants were electrophoresed and electroblotted, and strips of
the blots were reacted with individual serum samples (see
table below). The eight sera that were positive on viral p31
also reacted with the 30- and 48-kDa bands in lysates of
bacterial cells containing pTP31.2 (expressing p31pol) and
pTSp31 (expressing SOD-p31pol fusion), respectively. The
two sera that were negative on viral p31 were also negative
on both of the recombinant proteins. Pooled normal human
serum was negative in all three western blot assays.

The SOD-p31 fusion protein was purified and used as a
source of antigen for an ELISA for testing sera for antibod-
ies to p31. Prior to deciding to pursue the fusion protein as a
source of antigen for the assay, sera from 300 random blood
donors and a panel of 100 sera obtained from high-risk,
AIDS, and ARC patients was screened for antibodies to puri-
fied human SOD in an ELISA. None of these sera scored
positive (data not shown).

The ELISA protocol was as follows: Microtiter plates
were coated with 2 ng/ml of SOD-p31 in borate buffer (pH
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9). In the diluent was included extract from E. coli (pTAC7).
This extract was necessary to absorb out antibodies in
human sera that reacted with minor contaminants in the puri-
fied SOD-p31. The ELISA protocol from this point was
identical to the procedure described for other recombinant
HIV antigens described above.

A panel of sera from 100 consecutive blood donors that
were all seronegative in the virus ELISA was tested in the
p31 ELISA. These sera all scored very low in the assay (FIG.
31a). The average ELISA result for these sera when they
were assayed at a 1/100 dilution was 0.026 with a range of
0.001 to 0.117 and a standard deviation of 0.012. The results
obtained with 85 virus-seropositive samples are presented in
FIG. 31b. The ELISA results with sera that did not react with
the p31 band in the virus Western blot assay are indicated by
shading. In general, sera that were positive in virus Western
blots for p31 antibodies were clearly positive in the p31
antibody ELISA. There were, however, three sera that did
not react with p31 in virus immunoblots that were clearly
positive in the p31 ELISA.

Three possible explanations for viral p31 immunoblot-
negative sera scoring positive in the p31 ELISA were con-
sidered. First, the ELISA may have been more sensitive than
the virus immunoblot assay for detecting antibodies to p31.
Second, these sera may have scored positive in the ELISA
owing to immunological reactivity with E. coli proteins con-
taminating the SOD-p31 preparation that were not absorbed
out by the bacterial lysate in the antibody diluent. Third,
these sera may have scored positive in the ELISA because
they contained antibodies to the SOD portion of the fusion
protein.

To clarify this, these three sera were tested on blots of
directly expressed p31 by using the pTP31.2 lysate, which
should contain a much higher concentration of p31 antigen
than virus. All three of these sera reacted with the p31 spe-
cies in this assay (data not shown). Thus, these sera scored
positive in the ELISA because of its greater sensitivity than
virus immunoblots for detecting p31 antibodies, not because
of reaction with E. coli contaminants or SOD.

We also tested the remaining eight viral p31 Western blot-
negative sera in immunoblot assays of pTP31.2 lysates. The
five sera scoring lowest in the ELISA (FIG. 31b) failed to
react with p31 in this assay. However, the three remaining
sera, scoring between 0.15 and 0.3 in the ELISA, reacted in
immunoblots with directly expressed p31 (data not shown).
Thus, we concluded that of this panel of 85 seropositive
samples, 80 (95%) had detectable antibodies to the p31 anti-
gen.

These data clearly demonstrate the utility of the HIV pol
endonuclease polypeptide in serodiagnosing HIV infection.
It should be noted that serological results were identical
when SOD-p31 produced in yeast was used instead of the
bacterially expressed protein.

Comparison of Western blot results of various
virus-seropositive samples in viral p31,
recombinant p31 expressed directly in E. coli
and as a fusion protein with human SOD

Reactivity with:

Recombinant

Serum Viral p31 Recombinant p31 SOD-p31
4607 + + +
4608 + + +
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Comparison of Western blot results of various Neutralization
virus-seropositive samples in viral p31, activity
recombinant p31 expressed directly in E. coli 5 Serum Env-2 (percent
and as a fusion protein with human SOD sample antibody titer neutralization)
Reactivity with: normal <10 18
mouse 1 420 97
Recombinant mouse 2 230 4
Serum Viral p31 Recombinant p31 SOD-p31 10 mouse 3 200 76
4620 + + +
4625 + + + 7.2. Env-2 Immunization of Guinea Pigs
igig + + + Twelve Hartley guinea pigs were used to study the effec-
4643 . . . s tiveness gf the e.nV-2. polypeptide (Section 4.2.2) in ehcmn.g
4646 + + + neutralizing antibodies. The sera were also tested for their
4659 - - - ability to neutralize different strains of the HIV virus.
1?1(1)13;" * * * Six of the guinea pigs were immunized with 50 pg of
antigen with adjuvant (see below) and six were immunized
*Strips from immunoblots of electrophoresed virus, pTP31.2 extracts, and with the adjuvant alone according to the following protocol:
ETS31 extracts were reacted with a %ioo dilution of each serum.
NHS, pooled normal human sera obtained from Medical Specialities Labo-
ratories.
7. HIV Immunization Adjuvant: contains 0.5 mg Monophosphoryl Lipid A (MPL), 0.5
’ . . . mg Trehalose Dimycolate (TDM), 0.5 mg Cell Wall
Recomblnanﬂ.y produch VH: al epvelope PrOteln WaS. used 25 Skeleton (CWS) (isolated from attenuated tubercle
to generate anti-HIV antibodies in experimental animals bacillus: Bacillus-Calmette-Guerin) lyophilized in 40 pl
which were capable of neutralizing the infectivity of the of oil (Squalene) and 0.29 Tween 80 in water (adjuvant
virus. The purified env-2 (Section 4.2.2) was injected into %bﬁﬁf:nfr&rglﬁlaz; %mmunmhem Research, Inc.,
bOth .ml.ce and glnnea plgs. and the sera had neUtrahZIHg Vaccine: Reconstitute the adjuvant by adding 600 pl of PBS and
activity in an invitro neutralization assay. 10 vortexing vigorously for 2-3 minutes. Mix 300 pl of the
The HIV neutralization assay that was developed mea- adjuvant with 300 pg of the env-2 polypeptide and PBS
e 7 . . to bring total volume to 600 pl. Vortex vigorously for 2-3
sures the ability of serum specimens to neutralize directly . . PR L
” R ” . N . minutes. Inject each guinea pig with 100 pl of vaccine in
the infectivity of HIV in a tissue culture system (described in foot pad.
commonly owned, co-pending U.S. patent application No. Control: Dilute remaining 300 ul of adjuvant with 300 ul of PBS
946,539, the disclosure of which is hereby incorporated by and vortex vigorously for 2-3 minutes. The six control
. . . 35 guinea pigs are injected with 100 pl each in foot pad.
reference). Diluted sera are mixed with an equal volume of B o -
i A . o N Immunization: Two to four days prior to immunization
virus inoculum, the mixture is incubated for 30 minutes at Schedule: obtain “prebleed” blood sample
room temperature and then 0.1 ml of the mixture is added to for guinea pigs:
a 1 ml culture of permissive HUT-78 cells (1x10* cells/ml) Day 0: Primary immunization;
in 24-well microtiter plates. Seven days later the cells are Day 21: second immunization;
n we N p N Y . 40 Day 28: obtain first blood sample;
harvested, lysed with 1% Triton—X-100 in PBS. Day 42: third immunization;
Infection is monitored by measuring the levels of intracel- Day 49: obtain second blood sample.
Iular p25gag antigen with a capture enzyme-linked immun-
osorbent assay (ELISA) Steimer et al. (1986) Vlrology 150: Results:
283-290. This assay uses a murine monoclonal antibody ,5
immobilized on the assay plate to capture p25gag and a rab-
bit polyclonal antiserum as the detecting reagent. The virus
inoculum that was used for all strains of HIV was adjusted to Neutralization
yield 40-80 ng/ml of intracellular p25gag and approximately ELISA Titers”  against env-2 Titer’
10% of the HUT-78 cells in the culture were infected under s Bleed 1 Bleed 2 of Bleed 2
these conditions. Immunized Guinea Pigs’
7.1. Env-2 Immunization of Mice A ) nd nd
In order to test if env-2 polypeptide derived from yeast B 171 605 <10
was capable of eliciting neutralizing antibodies, mice were C 111 n.d. n.d.
immunized with env-2 (Section 4.2.2). 55 D 510 1,274 <10
Three Balb/c mice were injected three times with 10 pg of ]1:; iodl 1%28 2i8
env-2 in alum at two week intervals. The mice were bled one Control Guinea Pigs!
week following the third injection and their sera tested for
env-2 antibodies in ELISA. Normal mouse serum from a /];' <§§ <§§ <}8
pool of sera obtained from unimmunized Balb/c mice, was 60 P :25 :25 :10
included as a control. The sera was diluted 1:10, and by D 95 95 95
serial 2-fold dilutions, and reacted in the env-2 ELISA. All E <25 <25 nd.
three mice had mounted an antibody response to the injected F <25 <25 nd.
env-2 (see below). The sera were then tested in the neutral- .
L [ . n.d. = not determined
ization assay at a 1:20 dilution. Sera from two of the IMmU- 65 Igers was heat inactivated

nized mice showed significant neutralization of HIV at a
1:20 dilution (see below).

2Zdilution that gives 50% of inhibition of viral inoculum (ARV-2)
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The sera from guinea pigs E and F were tested for their
ability to neutralize various isolates of HIV which have been
associated with AIDS.

Neutralizing Neutralizing
HIV Titer of Guinea Titer of Guinea
Isolate Pig E, Bleed 2 Pig F, Bleed 2
LAV! 70 30
ARV-2? 220 40
ARV-3? <10 nd.
ARV-333 <10 n.d.
HIV-Z16* <10 n.d.

1Barre-Sinoussi et al. (1983) Science 220:868-871.
2Levy et al. (1984) Science 225:740-842.
3Staben et al. (1986) in: Vaccines 86, Cold Spring Harbor Laboratory, New

York, pp. 345-350.
4Srinivassen et al. (1987) Gene 52:71-82.

8. Deposits of Biological Materials

Samples of organisms that contain HIV clones or express
the above-described hTLR polypeptides were deposited at
the American Type Culture Collection (ATCC), 12301
Parklawn Drive, Rockville, Md. under the provisions of the
Budapest Treaty. The accession numbers and dates of these
deposits are listed below.

ATCC
Deposited Material Accession No.  Deposit Date
AARV-2(7D) 40143 Oct. 26, 1984
A-ARV-2(8A) 40144 Oct. 26, 1984
AARV-2(9B) 40158 Jan. 25,1985
E. coli HB101 67593 Dec. 23, 1987
(pSV7c/env)
E. coli HB101
(pPCMV6ARV120tpa)
E. coli D1210 53246 Aug. 27, 1985
(pGAG25-10)
E. coli D1210
(pSOD/env5b)
E. coli D1210
(pTP31.2)
E. coli D1210 (p11-3) 67549 Oct. 28, 1987
Saccharomyces cerevisiae 20768 Aug. 27, 1985
p017 (pC1/1
(pSP31-GAP-ADH2)
Saccharomyces cerevisiae 20769 Aug. 27, 1985
2150 (pDPC303)
Saccharomyces cerevisiae 20827 Dec. 23,1987

2150-2-3
(pAB24-GAP-env2)
Saccharomyces cerevisiae
2168
(pBS24/SOD-SF2env4)
Saccharomyces cerevisiae
ABI110
(pC1/1-p25-ADH-GAP)
Saccharomyces cerevisiae
ABI116
(pBS24.1/SOD-SF2env4-5)
Saccharomyces cerevisiae
(pAB24/RT4)
Saccharomyces cerevisiae
ISC302
(pC1/1-GAP-p53)

These deposits are provided for the convenience of those
skilled in the art. These deposits are neither an admission
that such deposits are required to practice the present
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invention, nor that equivalent embodiments are not within
the skill of the art in view of the present disclosure. The
public availability of these deposits is not a grant of a license
to make, use or sell the deposited materials under this or any
other patent. The nucleic acid sequences of the deposited
materials are incorporated in the present disclosure by refer-
ence and are controlling if in conflict with any sequence
described herein.

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes
of clarity of understanding, it will be obvious that changes
and modifications may be practiced within the scope of the
appended claims.

The invention claimed is:

1. A single-stranded nucleic acid probe comprising a
sequence of at least 20 contiguous bases, wherein the at least
20 bases are fully complementary to at least 20 contiguous
bases selected from the gag, pol, or env open reading frame
as shown in FIG. 4 or the complement thereof, said probe not
forming a duplex with HTLV-I and -II genomic sequences
under conditions of stringency for hybridization under
which said probe forms a duplex with either strand of viral
DNA from a lambda bacteriophage selected from the group
consisting of ATCC Accession number 40143 and 40144.

2. The probe of claim 1 wherein the open reading frame is
the gag open reading frame wherein the gag open reading
frame extends from nucleotide 792 to 2298 of FIG. 4.

3. The probe of claim 1 wherein the open reading frame is
pol open reading frame wherein the pol open reading frame
extends from nucleotide 2967 to 5103 of FIG. 4.

4. The probe of claim 1 wherein the probe comprises
RNA.

5. The probe
DNA.

6. The probe
RNA.

7. The probe
DNA.

8. The probe
RNA.

9. The probe
DNA.

10. The probe of claim 1 wherein the open reading frame
is the env open reading frame, wherein the env open reading
frame extends from nucleotide 6235 to 8799 of FIG. 4.

11. The probe of claim 10 wherein the probe comprises
RNA.

12. The probe of claim 10 wherein the probe comprises

of claim 1 wherein the probe comprises
of claim 2 wherein the probe comprises
of claim 2 wherein the probe comprises
of claim 3 wherein the probe comprises

of claim 3 wherein the probe comprises

. The probe of claim 1 further comprising a label.
. The probe of claim 2 further comprising a label.
. The probe of claim 3 further comprising a label.
. The probe of claim 4 further comprising a label.
. The probe of claim 5 further comprising a label.
. The probe of claim 6 further comprising a label.
. The probe of claim 7 further comprising a label.
. The probe of claim 8 further comprising a label.
. The probe of claim 9 further comprising a label.
. The probe of claim 10 further comprising a label.
. The probe of claim 11 further comprising a label.
. The probe of claim 12 further comprising a label.
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